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Hoop tension 
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and Phenolic 
{ MX-2646 ) 
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Entrance Cap Nozzle 
Insert  
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Facings 
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(TH 1050) 
Stainless 
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AISI 4340 
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S i l i ca  Cloth 
and Phenolic 
(MX-2646) 

Hoop tens ion 

44-ss 

44-ss 

Nozzle Shell Tens ion 

Bond shear 

0.300 

1.200 Entrance Cap Nozzle 
Insert  

* All loads are for  s tat ic  f i r ing condition 
Margin of Safety = Allowable Stress - 1 

Design Stress 

Minimum Margins of Safety for Nozzle Components 

Figure 19 
J 



Report BASA CR 72125 

0 
0 

8 

k 
0 

-P 
Ld 
m 
a, 

' 4  
'r4 
k 
0 
& 

Figure 20 

J 



Report NASA CR 72125 

I I I 

0 
0 
0 rn 

0 0 
0 0 
0 0 cu r-l 

0 
0 
0 
f 

k 
0 

Figure 21 



0 
0 
0 
3 

0 
0 a 

Report NASA CR 72125 

0 
0 
0 cu 

0 
0 a 

0 

Figure 22 



Report NASA CR 72l-25 

9 

d 
N 

J 



Report NASA CR 72125 

4-1 
0 

Figure 24 



Report NASA CR 72l.25 

I 
I 

0 0 
0 
0 
rl 

0 
0 
0 

0 
0 
8 cu 

Figure 25 



Report NASA CR 72125 

1 

1 
1 

0 
0 

1 0 M 

9 
-i 

: 
-I 

u. 
-I 

? 
i 

9 

9 

? 

r'! 

> 

a, 

9 
4-1 
0 

rl 

Figure 26 



Report NASA CR 72125 

a, 
f;: 

Figure 27 



Report NASA CR 72125 

I I 

I 
I 
I 

0 0 0 
0 0 0 

0 0 % cu rl 

Figure 28 

j 



Report NASA CR 72125 

0 
0 
0 
M 

0 
0 
0 cu 

0 
0 
4 

k 
0 

i 



Report NASA CR 72x5 

d 
.d 

LT 

0 

0 
0 s 

0 
0 
0 
M 

> 0 > 0 
0 1 rl 

? 
r-l 

? 
r-l 

d 
.rl 

9 

- 
2 
N 
N 

4-1 
0 

Figure 30 



Report NASA CR 72J-25 

I I 

0 
0 
0 

0 
0 0 

0 0 
0 s % 8 d 

a, 

5 
k 
0 

m 
4 
;f: 
& 
0 

Figure 31 



Report NASA CR 72125 

0 
0 
0 
f 

cu cu. 
0 

b= 
7 

0 
0 
0 
M 

0 
0 
0 
(u 

0 
0 
4 

4 
r i  

k 
0 

9 

? 

N 

Figure 32 



Report NASA CR 72125 

Materials  (Average Propert ies ) MX-4926 

Density, lb /cu  f t  90 

Specif ic  heat ,  Btu/lb°F 0.28 

Thermal conductivity , 0.34 
Btu/hr f t °F  

Effect ive  abla t ion temperature, 4,040 
OF 

Effect ive  higher heat of  ab la t ion ,  
Btu/lb 12,100 

MX-2646 

112 

0.25 

0.19 

3,540 

3,970 

Table of Thermal Proper t ies  

Figure 33 
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Area 
Ratio - 

- 3.1 

- 2.58 

- 1.98 

- 1.6 

- 1.41 

- 1.22 

- 1.085 

1.0 

1.1 

2-5 

3.37 

3.78 

6.0 

Material 

MX-2646 

MX-2646 

MX-2646 

MX-2646 

MX-4926 

MX-4926 

MX-4326 

MX-4326 

MX-4926 

MX-4926 

MX-4926 

MX-2646 

MX-2646 

Ablation * 
Depth 
(In.)  

.63 

74 

.95 

1.15 

* 37 

.42 

.46 

- 47 
.41 

.14 

* 095 

* 37 

.22 

* Depth Normal t o  Original P las t ic  Surface 

Char * 
Depth 
( In . )  

.82 

92 

1.12 

1.31 

.78 

.81 

.83 

.85 

.81 

.66 

65 

.61 

looo 
Depth * 
( In .  ) 

1.02 

1.12 

1.29 

1.49 

1.15 

1.17 

1.19 

1.2 

1.17 

1.1 

1.1 

85 

.8 

Summary of Predicted Burnout Dimensions, 260-SL Nozzle 
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Surface Recession Rate, mil /sec 
MEN4 2604% 

Nom. - Ave . - Max. - Ave . - Material  M S .  

Nerghlo 

MX-4551 

FM-5072 

MX-4926 

FM-5063 

*DEN 438 

FM-5014G 

FM- 50 5 5 

50 5 5 I5161 

6.6 

9.0 

7.4 

8.3 

6.35 

7.3 

8.6 

9.6 

14.5 

3.75 

4.05 

3.90 

3.93 

4.65 

4.36 

5 2 5  

7.01 

7.83 

2.55 

3.6 

3.15 

3.8 

3.2 

3.65 

3.6 

3.9 

6.5 

1.8 

2.1 

1.9 

2.15 

2.1 

2.35 

2.4 

3.2 

4.2 

1.8 

1.8 

2.0 

2.0 

2.2 

2.35 

2.35 

3.4 

4.1 

*Recession r a t e s  of a l l  mater ia ls  except DEN 438 are  r e s u l t s  of 600 p s i a  
chamber t e s t s .  DEN 438 r e s u l t s  a r e  based on 400 psia chamber t e s t s .  

Approximate Recession Rates of Reinforced Plastics for 260-in. Nozzle 
with Dt = 66.4 in. 

Figure 38 
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Meridional Hoop 
Inner Stress, p s i  M.S. Inner Stress, p s i  M.S.; - - Station 

31 
35 
40 

114 High* 6,065 1.62 

9= High 6,632 1.40 
-419 High 7,230 1.20 

Wargin of Safety, M.S., is greater than 10.0 

Hoop and Meridional S t resses  i n  Entrance Cap I n s e r t ,  EO-SS Nozzle 
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48 2.22 Maximum Stress - 
N?t Section Between Holes = 59710 psi 
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Inner 
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- 

61700 

39100 

48840 

56870 

67150 
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49150 
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Allowable Safety 

190,000 .78. 

2.00 

3.85 

2.89 

2.34 

1.54 

1.87 

190,000 1.14 

200,000 2.34 

49 .77 Shear Stress a t  Shear Lip a s  = 44770 psi  119, ooo 1.65 
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Pretension Load S, = 69683 l b  116,138 lb .66 

Margins of Safety  for 120-SS Nozzle Shell 

Figure 72 
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Location 

57 

60 

62 

63 

66 

68 

69 

73 

77 

78 

F 

55 

79 

L 

R. in. 

11.65 

10.41 

9.54 

9.22 

9.60 

10.45 

11.52 

15.34 

19.34 

19.59 

19.77 

.57 

.640 

-25 

t, in. 

.250 

.250 

.250 

.450 

.bo0 

.600 

.300 

.300 

.300 

,300 

.410 

Stresses, psi 
Merid Merid HOOP HOOP 

Inner - Outer 

-78,711 115,391 

19,279 16,180 

17,887 13,946 

16,277 395 

- 1,376 21,038 

1,766 16,129 

35,335 8,090 

29,867 29,717 

60,476 12,214 

51,561 21,066 

29,594 22,459 

EXIT CONE FLANGE 

Outer 

-29,573 

37 , 514 

- 

36,067 

36,495 

19,599 

30,127 

50,757 

62,310 

45,088 

35,819 

24,183 

Inner 

28,658 

36,585 

34,884 

31,731 

26,324 

- 

34,435 

42,584 

62,265 

30,610 

26,669 

22,024 

Maximum Stress 
Net Section Between Holes, ft 

Retainer Ring Bolts 
Pretension Load Hydrostatic 

71,545 psi 

Test Condition, W! 22,334 lbf 

NOZZLE SHELL - CHAMBER ATTACHMENT JOINT 
Maximum Stress 
Net Section Between Holes, ft 

Shear Lip - Shear Stress, Fs 

Chamber-Nozzle Bolts (hrg. No. 1-330015) 
Pretension Load, % 10,967 lb 

95,730 psi 

25,928 psi 
Bending Stress, fb 93,340 psi 

Allowable 

150,000 

150,000 

37,224 

150,000 

150,000 
- 

18,278 

.300 

2 - 999 
3 * 159 

3.110 

4.698 

3,356 

1.955 

1.407 

1.480 

1 - 909 
4.069 

1.096 

,667 

.567 

.607 

.667 

High 

Structural Analysis Swnmary, Nozzle Shell, k i n .  -dia Motor 

Figure 90 
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Volatile 
Content 
& 
4 to 7 
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2 to 5 

Resin 

32 
31 to 37 

28 to 34 

18 to 23 

Raw Material Specifications 

Laminate 
Flow 

2 to 7 

6 to 15 

0 to 3 

Figure 92 
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Dial Indicator Gauge 
(Roller Separation) 

pneumatic cylinder 

Tube to Cut Off 
Stray Radiation 

Heated Roller 

Gear Reducer 

Dial Indicator 

Thickness) . 

Raw Material 
Roller 

Schematic of Three R o l l  Tape Wrapping Stand 

Figure 93 
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Formability Test Equipment 

Figure 94 
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Material Purchased w i t h  1.30 t o  1.50 IRPI Index Values 

Volatile Resin IRPI 300'F G e l  Viscosity Chang Laminate 
Material Content, % Solids, % Index Time, sec Index Index Flow, % 

FM-5131 4.18 31.6 1.50 ('I 92 --- 15.9 9.7 
Lot E 
2816-28 

MX-2646 2.85 21.3 -e- --- --- 36.0 (2)  
Lot s- 
829-2A 

MX-4926 4.3 35 e 2  --e 102 --- 28.8 5.8 
Lot S-527 

Material Purchased t o  1.0 Max. IRPI Index Values 

MX-2646 3.10 20.15 --- --- 2.5 --- 0.0 
Lot A-108 

FM-5131 4.31 32 e 30 0.818(') --- 2.7 --- 11.4 

MX-4926 6.79 35.41 0.817 (l) --- --- 30.1 14.1 

MX-4926 5.66 30 35 0.99 (3) 2.5 --- 13.1 

Lot G-3161 

Lot S-883 

Lot A-226 

(1) Fiberite IRPI Method 1-2 
(2)  MX-2646 does not respond t o  
(3) Fiberite IRPI Method 1-3 

flow t e s t .  

Raw Material Properties 

Figure 95 
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75 300 
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Figure 97 
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Temp. OF 

32 5 

300 

275 

2 50 

225 

200 

Gel-Tim - Seconds 
Triplicate Results 

67 72 74 

67 78 79 

77 78 84 

112 is0 123 

206 212 214 

77 79 89 

92 100 106 

152 154 160 

281 284 294 

446 454 470 

Gel Time vs Temperature for  FM-5131 and MX-4926 

Figure 101 
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Figure 122 
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-t 
' Epon 913 

Adhe s ive 

Adhesive 

/ 
4130 Steel 

. O l 7  in. Thick 17-7 Stainless Steel 

Aluminum Honeycomb 
Used as a Spacer 

\ 
View A 

Exit Cone Attachment Ring-to-Honeycomb-Bond Test Specimen 

Figure 142 
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Test Panel No. 3 

I Test Panels No. 1 and 2 

Plas t i c  

Bond 

17-7 PH Steel  

Detail A 

Test Panels fo r  Thermal S t r e s s  Measurements 

Figure 143 
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Oriented P l a s t i c  T e s t  Panels Prepared for S t r e s s  Analysis 
Between Ablative Liner and Honeycomb Skins 

Figure 144 



Specimen No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 

Flatwise Tensill-e Strength - ~ 

Stress ,  p s i  Mode of Failure 

(Specimens Tested per ASTM C 297 55 

Cohesive go%, Core Rupture 10% 
Broke before test 
Cohesive 90% 
Cohesive 100% 
Cohesive 100% 
Cohesive 85% 
Cohesive 100% 
Cohesive 80% 
Cohesive 80% 
Cohesive 80% 
Cohesive 95% 
Cohesive 90% 

Average 435 

Flexural Strength 
( 3  by 8 in .  Specimens, 6 in. Span. Loading at 2 - One-Quarter Span Points)  

Core Ribbon Direction N p r m a l  t o  Beam 

--- 

Specimen No. -- Flexural Strength (Total Load), l b  

Average 

Core Ribbon Direction Pa ra l l e l  t o  Beam 

1 
2 
3 
4. 
5 
6 

Average 

810 
1150 
1130 
1080 
1120 
1070 

1060 

1490 
1490 
15 30 

1450 
1430 

1490 

1560 

Mechanical Properties of Honeycomb Vacuum Bonded with FM-86 Adhesive 

Figure 145 
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17-7 PH, TH-1050 skins bonded to 1/4" cell aluminum core. 
raised to 180°F in 120 minutes and then cured 4 hours at 180'F. 

Bond line temperature 
Pressure - 

25-27" Of Hg. 

Specimen 

1A 
2A 
3A 

Average 

1B 
2B 
3B 

Average 

1c 
2c 
3c 

Average 

1D 
21) 
3D 

Average 

Adhesive 
gqosure Time*, hr Stress 

4-8 695 psi 
720 psi 
705 psi 

705 psi 

24 370 psi 
500 psi 
630 psi- 

500 psi 

48 860 psi 
820 psi 
620 psi 

765 psi 

795 psi 
770 p s i  

780 psi 

-- 72 

Mode of Failure 

Cohesive 100% 
Cohesive 100% 
Cohesive 100% 

--- 

** 
a* 

Cohesive 100% 

Cohesive 100% 
Cohesive 100% 
Cohesive 100% 

Specimen broke before test 
Cohesive 100% 
Cohesive 100% 

--- 
*Adhesive exposure time at 75OF prior to bonding 

*#The adhesive had flowed about 1/8 in. up the core and the fillet was 
thin or nonexistent. There a lso  was a lack of adhesive left on the 
skin. 

Flatwise Tensile Strength of Epon 75-25 

Figure 146 
1 
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l 0 O C  

800 

600 

400 

200 

0 

I 1 I I 
Epon 75-25 Aged 24 hr @ 77°F Prior t o  Bonding 
FM-86 Aged 8 h r  @ 70°F Pr io r  t o  Bonding 

I 

1 2 3 4 

Heat-up Time, h r  

Effect  of Heat-up Time t o  1 8 0 ~ ~  and Vacuum Pressure on Strength 

Figure 147 

of Adhesive 

i 



Specimen 

1 
2 
3 
4 
5 
6 
7 

Panel 

R e p o r t  NASA CR 7212.5 

Stress, psi 

695 
745 
810 
905 
485 
840 
- 745 

Mode of Failure 

Cohesive and core 
Loading block 
Loading block 
Core failure 
Misaligned block 
Core failure 
Loading block 

Average 745 

Trepan Specimens Taken from the 120-SS Nozzle Exit Cone 

Figure 148 
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Specimen 

Bonded at 
180'F 
3 hr 

Average 

3 heat cycles of 
3 hr at 180'F 

Average 

4 heat cycles of 
3 hr at 180°F 

Average 

Flatwise Tensile 

700 

185 
280 
740 
470 
300 
270 
240 
550 
700 - 375 

435 

415 

- 390 

400 

--- 

625 
625 - 360 

535 

Mode of Failure 

Cohesive go%, Core Rupture 10% 
Broke before test 
Cohesive 901, Core Adhesion 10% 
Cohesive 100% 
Cohesive 100% 
Cohesive 85%, Core Adhesion 15% 
Cohesive 100% 
Cohesive 80%, Core Adhesion 20% 
Cohesive SO%, Core Adhesion 20% 
Cohesive SO%, Core Adhesion 20% 
Cohesive 95%, Core Adhesion 5% 
Cohesive 901, Core Adhesion 10% 

Cohesive 70%, Core Adhesion 30% 
Broke before test 
Cohesive 100% 

Cohesive go%, Core Adhesion 10% 
Cohesive 95%, Core Adhesion 5% 
Cohesive 65%, Core Adhesion 35% 

Effect  of Heat Cycles on FM-86 Bond Strength of Vacuum Cured Panels 

Figure 149 
J 
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Adhesive Exposure Time 
a t  TOOF, h r  

1 

2 

4 

6 

8 

10 

12 

14 

Average Flatwise 
Tensile Strength of Specimens, p s i  

584 

Sote: Panels cured 2 hours a t  190" +.10"F at 90 p s i  
bonding pressure (no t  contained i n  a vacuum bag). 

Pot L i f e  of FM-86 Adhesive 

846 

1032 

Figure 150 
1 
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Honeycomb skins 

A t  tachme n t  

Core 

Contact Le ng 

Ring 

Schematic of E x i t  Cone Attachment Ring-to-Honeycomb Sandwich 

Figure 1.51 
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Specimen No. 

1 
2 
3 
4 
5 
6 

Average 

1 
2 
3 
4 
5 

Adhesive Compressive Stren@&(&TM 695) psi 
--IC.-- 

Epon 913 

9200 
8900 
9100 
8900 
9100 
9400 
9100 

Epon 933 

10 y 000 
9,000 
9,900 
10,000 
9,400 

Specimen No. 

6 
Average 

1 
2 
3 
4 
5 
6 

9 400 -?em- 

Specimen No. 

Average 

Tensile, psi 
c_ 913 I_ 933 

3400" 6000 
5000 6800 
5100 7200 
5300 5860 
5000 5940 
5100 5590 
5100 6230- 

Elon.ion 1_ % 
933 - 91 3 - 

*This value omitted from average. 

Adhesive Block Shear I_-_-.- Stren@h (ASTM-DT32) -- ----- psi 
--I_-- 

Epon 913 Epon 933 

5500 
5900 
5800 
5900 
5800 
6000 
5815 

6900 
6700 
6700 

5600 
5700 

5700 
-6215 

Properties of Plastic to Metal Adhesives 

Figure 152 

a 
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Specimen NO.* 

lA 

5A 

6A 

7A 

Specimen NO.* 

1B 

2B 

3B 

4B 

5B 

6B 

7B 

Cured 3 hr a t  1 8 0 ~ ~  

u p  Stress- , p s i  

1040 

1070 

1300 

1310 

Cured 6 hr a t  1800~ 

b p  Stress- , p s i  

1-550 

1450 

1520 

1320 

1020 

1160 

1510 

* Data from specimens 2A, 3A, and 4A are  erroneous 
-Shear s t r e s s  i n  l a p  a t  time of p l a s t i c  f a i l u r e  

Mode of Fai lure  

Tensile break i n  p l a s t i c  

Tensile break i n  p l a s t i c  

Tensile break i n  p l a s t i c  

Tensile break i n  p l a s t i c  

Mode of Fai lure  

Tensile break i n  p l a s t i c  

Tensile break i n  p l a s t i c  

Tensile break i n  p l a s t i c  

Tensile break i n  p l a s t i c  

Tensile break i n  p l a s t i c  

Tensile break i n  p l a s t i c  

Tensile break i n  p l a s t i c  

Lap Shear Tests  of FM-5131 Bonded t o  17-7 S t a i n l e s s  S t e e l  with 
Epon 913 Adhesive (1/2-in. Lap) 

Figure 153 
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Specimen 

No primer 

1 
2 
3 
4 
5 
6 
7 

With primer 

F a i l u r e  

Cohesive 
11 

I1  

11 

I 1  

11 

I t  

1 Adhesive 10% 
2 It  20% 
3 It 10% 
4 10% 

20% 
5% 

5 
6 
7 'I 15% 

*I 

Load, l b  Area, sq i n .  S t r e s s ,  lb / sq  i n .  

1670 0.50 3340 
1610 0.50 3220 
1510 0.50 3020 
1470 0.50 2940 
1630 0.50 3260 
1690 0.50 3380 
1670 0.50 - 3340 

Average 3215 

1430 
1450 
1490 
1500 
1550 
1550 
1530 

- NOTE: All specimens cured 3 hr at 1.80~~. 

0.50 
0.50 

0.50 
0.50 

0.50 

0.50 
0.50 

2860 
2900 
2980 
3000 
3100 
3100 

Average 3000 
3060 - 

Lap Shear Tests  of l 7 - W  Sta in less  S t e e l  Primed with Fu l l e r  
162-Y-22 and Bonded with Epon 913 Adhesive 

Figure 1-54 
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One-quarter in .  Gen-Gard V-44 Bonded t o  Primed S t ee l  P la te  

100°F 

Not cured 

12 h r  Not cured Not cured Not cured 

18 h r  Not cured Not cured 25 lb / in .  

24 h r  Not cured Not cured 45 lb/in.* 

- 80°F - 70°F - Time 

8 h r  Not cured Not cured 

- 

37 lb / i n .  

48 h r  

72 h r  

1 wk 

30 lb / in .  

25 lb / in .  

43 lb / in .  

32 lb / in .  

73 lb / in .  

33 l b / i n .  

27 lb / in .  

93 lb / in .  

83 lb / in .  

100 lb / in .  

90 lb / in .  

*Firs t  value i s  i n i t i a l  maximum p u l l  
Second value is level ing off pull  

E p n  948 Peel  Strength at Various Cure Cycles 

55 lb / in .  

50 lb / in .  

68 lb/ in .  

50 lb / in .  

92 lb/ in .  

60 lb / in .  
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Glue Line Stress 
Thickness, in. Failure Load, l b  Area,_sq in. lb/sq in. 

0.006 Steel 

0.006 

0.033 

0.033 

0;037 

0.037 

0.120 

0.120 

0.205 

0.205 

Steel 

Steel 

Steel 

Steel 

Adhesive 
Adhesive 

Adhesive 

Adhe s ive 

Adhesive 

Adhesive 

2400 
2650 
2700 

2850 
2650 

2300 

2350 

2600 
2350 
2350 
2750 
2500 
2500 
2900 

2420 
1950 
2000 
2200 
1650 
1400 
1320 

1080 
logo 

840 
1040 
1120 
1160 
1030 

155 
170 
160 
160 
160 
114 

95 

0.938 

0.938 

0.938 

0.938 

0.938 

0.938 

0.938 

0.938 

0.938 

Avg . 

Avg . 

Avg . 

Avg * 

Avg * 

2560 
2830 
2880 
2450 
3040 

2510 

2730 

2770 
2500 
2500 
2930 

2830 
-- 

2660 
2660 
3090 
2730 

2580 

2130 
2350 

1500 
1410 

1970 

1150 
1165 

895 
1110 
1190 
1240 
1100 

1120 

2080 

1760 

-- 

165 
180 
190 
170 
170 
120 
100 - 
155 

E f f e c t  of Glue Line Thickness on Bond Strength of 17-7 PH 
Sta in less  S tee l  Bonded with @on 913 

Figure 156 
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f 

Radius of Curvature 

Figure 157 
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t 

Equivalent S t e e l  Section 

Figure 158 



Report NASA CR 72125 

h* r* S t e e l  
Panel No. ( in . )  ( in .  ) (psi) 

1 0 c 0175 4167 + 558 

2 0.0la5 2703 +- 860 

3 0.048 1042 - 2233 

%ee Figure 157 for  de f in i t ion  of term. 

d 

P l a s t i c  
( p s i )  

- 99 

- 153 
+ 398 

Bending S t resses  i n  Test Panels 

Figure 159 
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320 

280 

240 

Fr 

.\ 

.P 5 220 
E 
& z n 

160 

I20 

80 

0 
20 40 60 80 100 120 140 160 

Time, min 

Temperature Gradients, Specimen No. 4 ,  FM-5131 S i l i c a  Phenolic 

Segment A 

Segment B 

Segment C 

Segment D 

Figure 169 
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from Equation (2) Page 119 

Points p lo t t ed  a s  0 and 0 &re 
Averages of' Several Thermocoupl- 

Various Point:, within the Clave 

I Rekdings TaKen Simultaneously a t  

I 
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I 

4 - ._ - _ -  - i- 
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I - -. - _+ - . - --_- 
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._ 
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So l id  Lines a re  Curves Dev,:iooed I 

Temperature Response of TRW l 3 O - h .  Hydroclave - Autoclave 
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Figure 176 
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Typical H e a t  Gun Array 

Figure 179 
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NOTE: All defec t s  t o  
l a y  p a r a l l e l  t o  tape.  

V i e w  B-B 
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Bottom of  Mandrel I 

Pieces of  paper 

Separator  mate r ia l  
(polyethelene)  
s l i v e r s  112" x 118" m a x  

(B) 

Masking tape 
(c)  

Celophane o r  grease 
112 p l y  width x 4'' 

(D) 

Resin s ta rved  a r e a  1" d i a  
on cen te r  o f  p ly  

(E) 

Resin r i c h  a r e a  1" d i a  
on cen te r  of p l y  

(F) 

Defect Location 

Figure 184 
i 
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Defect Location 

Figure 185 
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Tape Width, in, Tape Thickness, in. 

5 -1/2 

5 -1/4 

5 
5 
5 
4 

0 022 
0.016 
0.017 
0.019 
0.019 
0.021 
0.020 
0,019 
0 019 
0.019 

0.015 

0.023 
0.019 
0.015 
0.017 

Debulk 

59 
81 
77 
69 
69 
62 
65 
69 
69 
69 

87 

57 
68 
87 
77 

Debulk Achieved on MX-4926 Based on Ply Thickness 

Cumulative Number 
of Plies Applied 

58 
67 
85 
93 
117 
139 
189 
207 
223 
243 

314 

393 
417 
443 
509 

Figure 186 
1 
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0.2 
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-0.2 

Eeport NAXA CR 72125 

- . - - t - - i - - - T - - t  
1 2  10 30 50 70 90 98 99 

Cumulative Percent of Measurements 

0 Sta t ion  One @ 0" Radial S ta t ion  
S ta t ion  Two @ 180" Radial S ta t ion  

Distance Between Mandrel and 5-in.-Wide MX 4926 Tape, 320-SS 
H a l f  -Length Throat 

Figure 187 
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Figure 188 
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Figure 189 
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Parameter 

Roller Pressure, lb/in. width 

Roller Temperature, "F 

Tape Temperature, OF 

Mass Temperature, OF 

Mandrel Temperature, OF 

Tape Weight, lb 

Tape Thickness, in. 

Number of Plies 

Scheduled 

300 

260 

280 

140 

140 

68.1 

29 

Achieved 

300 to 496 

Cooled with 
60-70 "F water 

go to 100 

80 to 100 

116.0 

0.036 to 0.038 

60 

FM-5131 Tape Wrapping Parameters, EO-SS H a l f  -Length Throat, 1-1/2 and 
2 in.  Tape Widths 
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Tape - Thickness, i n .  

0.021 
0.035 
0.034 
0.025 
0.034 
0.024 
0.022 
0.030 
0.034 
0.031 
0.021 
0.024 
0.030 
0.026 
0.030 

0.026 

0.028 
0.028 

0.032 

0,024 

0.030 

% Debulk 

-- 
87 
77 
84 

Debulk Achieved on FM-5131 Based on Ply Thickness 

Figure Sgl 
1 
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Figure 192 
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Test 
Microtensile 

ASTM D-1708 
Modified 

Interlaminar Shear 

Federal Test Standard 
406 Method 1042 
Modified 

Edgewise Compression 

ASTM-D-695 

Specific Gravity 

Federal Test Standard 
406 Method 5011 

Volatile Content 

TAP-DAP-122 

Ace tone Extractable s 

ASTM-D-494 

A f t  Test Ring 

Results Remarks (*) Results 
Carbon S i l i c a  

21400 
23100 
23300 
23600 
25900 
26100 
22800 
19300 

35 "- 
35 "-OGL 
3 0 0 - m ~  
35 "-OGL 
3 0 O - o ~ ~  
30"-OGL 
30"-OGL 
20"-ADF 

5920 10"-15" 2630 
5510 2Oo-25O 2820 
5200 20 " 2650 
5550 20"-25 2380 
4430 15 2650 
5440 15 " 2550 

34100 15 "-SI 
35900 

34900 
39300 

1.44 
1.44 
1.44 
1.44 
1.44 
1.44 

37800 

2.27 

2.09 

0.19 

2.03 

0.20 
0.20 

1.74 
1.74 
1.74 
1.74 
1.74 
1.74 

2.41 
2.43 
2.50 

0.14 
0.17 
0.14 

Forward Test Ring 
Carbon S i l i c a  

Results Remarks (*) Results 

25200 0"-OGL 
24600 0"-OGL 

19400 45O-ADF 

21200 45"- 
21400 15"-ADF 
14600 85 " -0GL 

4860 
4560 
4400 
5920 
4090 
4450 

40200 
39400 
36400 
31400 

36400 

1.45 
1.48 
1.48 
1.48 
1.48 
1.47 

2.03 
1.73 
1-95 

0.14 
0.17 
0.13 

75 " 2590 
0" 3110 

3-4" 2340 
15 " 2560 

0" 2560 
O0 3350 ("1 

SI-2 DIAG 
SI-1 D U G  
SI-2 DIAG 
SI-2 DIAG 

1 DIAG 

1.74 
1.74 
1.74 
1.74 
1.74 
1.74 

2.57 
2.61 
2.62 

0.17 

0.14 
0.18 

* OGL; broke outside gage length. ADF; a x i a l  diagonal f rac tu re .  
SI-2 DIAG, sheared interlaminarly with 2 diagonals. 
Degrees i n  remarks column a re  estimates of departure from required specimen orientation. 

Specimen which was  90 degrees out of or ientat ion.  

Physical Properties Obtained from Test R i n g  Specimens, EO-SS 
Half-Length Throat 

Figure 193 
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Adhesive S i l i c a  
Fa i lu re  Fa i lu re  

-.- 

Figure 194. Separation of Bond J o i n t  of S t e e l  S h e l l  t o  Half-Length Throat 

Figure 195. Half-Length Throat Cross-Section 

Figure 194 and Figure 195 
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Figure 196. H a l f  -Length Throat Cross-Section 

1 2 3 

Figure 197. Half-Length Throat Cross-Section 

Figure 196 and Figure 197 
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Cross-Section of Half-Length Throat (Mag. 1OX) 

Figure 198 
1 
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Resin 

Yarn 

Figure 199. Cross-Section of Half-Length Throat Showing Ruptured Fiber Bundles 
( M a g .  50x1 

Resin 

Yarn 

Figure 200. Ruptured Fiber Bundles (Mag. lOOX) 

Figure 1.99 and Figure 200 

1 
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Figure 201. Tilorma1 Fiber  Bundles (Mag. 50X) Sectioned Through B i a s  Weave 

Yarn 

Resin 

Figure 202. Normal Fiber  Bundles (Mag. 1OOX) Sectioned Through B i a s  Weave 

Figure 201 and Figure 202 
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4 
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Figure 203 
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Figure 204 
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F i n a l  Machining of 260-s~-1 Nozzle Insu la t ion  

, Figure 205 

J 



Report NASA CR 72325 

Dry-Fit of 260-s~-1 Throat Extension Insert t o  Nozzle Shell 

Figure 206 

I 
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I n s t a l l a t i o n  of Metal S t r i p s  for Nylon Tension Wrap Operation 

Figure 208 
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T r i a l  A s s e m b l y  of 260-s~-1 N o z z l e  and Exit C o n e  
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Figure 210 

1 
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120-SS-1 Exit  Cone Liner After Preform Cure 

Figure 211 
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2 x w 

Figure 212 
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Figure 214 
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Figure 215 
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A f t e r  Preformina of Inner Wrap* 

Property MX-4926 MX-2646 

Specif ic  Gravity per Fed. 
Test Method Std. 406, 
Method 5011 

Acetone Extractables per 
ASTM-D-494-46, % 

Volatile5 per TAP-DAP-102AY 
Dust, % 

1.42 1-55 
1.42 1.56 

27.10 5.50 
27-25 6.20 
27.30 9.37 
27 70 5.39 

3.22 3.37 
3.18 3.41 
3.11 3.36 
3.18 3.39 

After Final  C.uu  

A f t  Test Ring 
Specif icat ion Inner Wrap Over Wrap Inner Wrap 

Fwd Tes t  Ring 

Property Requirements MX-4926 MX-2646 MX-2646 

Specif ic  Gravity per Fed. 
Tes t  Method Std. 406, 
Method 5011 

Acetone Extractables per 
ASTM-D-494-46, % 

Interlaminar Shear per 
Fed. Tes t  Method Std. 
406, p s i  

Interlaminar Shear per 
Fed. T e s t  Method Std. 
406, p s i  

Volat i les  per 
TAP-DAP-122, % 

Microtensile per 
ASTM-D-1708, p s i  

1.38 min. 
f o r  MX-4926 
1.75 min. 
fo r  MX-2646 

1% max. 

1000 p s i  
min . 
1000 p s i  
min . 

3% max. 

Report Only 

1.45 1.80 
1.45 1.80 
1.45 1.80 

0.15 0.15 

0.14 0.15 
0.14 0.11 

2,800 3,250 
3,400 3,400 
3,150 3,600 

Interface Between 
Inner Wrap and 

Over Wrap 
3,700 
4,200 
4,000 

2.73 0.94 
2.65 0.99 
2.77 1.00 
19,300 17,250 
20,900 15,800 
15,600 16,400 

1.77 
1-79 
1.78 

0.04 

0.04 
0.06 

3,350 
4,050 
2,650 

1.68 
1.35 
1.46 
14,650 

18,350 
15,950 

*No specif icat ion requirements f o r  preform test  specimens. 

Entrance I n s e r t  Proper t ies  from End Ring Test Specimens, 260-~~-1 Nozzle 

Figure 216 
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P 
ARer  Preforming of Inner  Wrae 

Property MX-4926 

Spec i f i c  Gravity per  Fed. 1.45 
Test Method Std.  406, 1.44 
Method 5011 

Acetone Ex t rac tab les  pe r  
ASTM-D-494-46, % 

Vola t i l e s  pe r  TAP-DAP-102A. 
Dust , 

18.95 
21.38 

2.33 
2.30 

Property 

Spec i f i c  Gravity 
Test  Method Std, 
Method 5011 

After  F i n a l  Cure 

A f t  Test Ring Ftrd Test Ring 
Spec i f i ca t ion  Inner Wrap Over Wrap Inner  Wrap Over Wrap 
Requirements Mx-4926 F'M-5131 MX-4926 FM-5131 

per  Fed. 1.38 Min, 1 .44  1.72 1.44 1.73 
406 , f o r  MX-4926 1.44 1.71 1.46 1.72 

1.68 Min. 1.44 1.72 1.43 1.73 
f o r  FM-5131 

Acetone Extractables  pe r  
ASTM-D-494-46 , % 

In ter laminar  Shear per 
Fed. Test Method Std  
406, Method 1042, p s i  

In ter laminar  Shear per 
Fed. T e s t  Method Std.  
406, Method 1042, p s i  

Vola t i l e s  per 
TAP-DAP-122, % 

1% Max. 0.11 0.12 
0.04 0.10 
0.10 0.10 

1000 P s i  3,500 2,100 
Min. 3,800 2,200 

2,600 

1000 P s i  I n t e r  face  Bet ween 
Min . Innerwrap and 

Overwrap 
2,100 
2 , 400 
2 , 700 

3% M a x .  1.59 2.97 
1.66 2.97 
1.70 2.89 

Microtens i le  pe r  Report Only 15,800 13,000 

13,600 14,450 
ASYM-D-1708, p s i  12,300 12 , 200 

NO s p e c i f i c a t i o n  requirements f o r  preform test specimens. 

0,06 0.11 
0.04 0.16 
0.06 0.11 

2,620 2 ,h10 
3 , 810 1,840 

I n t e r f a c e  Between 
Innerwrap and 

Overwrap 
1,750 
1,660 

2.16 3.07 

2.21 3.16 
2.13 3.11 

14,690 8,040 
16,240 8,530 
15 , 300 11 , 370 

Throat I n s e r t  Propereies from End Ring T e s t  Specimens, 260-SL-1 Nozzle 

Figure 217 
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A f t e r  Preform of Inner  Wrap* 

Proper ty  MX-4926 

Spec i f i c  Gravi ty  per  Fed. 1.43 
T e s t  Method Std.  406, 1.43 
Method 5011 1.43 

Acetone Extractables  p e r  25.4 
ASTM-D-494-46, % 

Vola t i l e s  pe r  TAP-DAP-1O2Ay 4.91 
Dust, % 

Property 

Spec i f i c  Gravity per  Fed 
T e s t  Method Std.  406, 
Method 5011 

Acetone Ex t rac tab les  p e r  
ASTM-D-494-1+6 ( % )  

Inter laminar  Shear pe r  
Fed. T e s t  Method Std.  
406, Method 1042 ( P s i )  

In ter laminar  Shear pe r  
Fed. Test  Method Std. 
406, Method 1042 ( P s i )  

Vola t i l e s  pe r  
TAP-DAP-122 ( % ) 

Microtensi le  p e r  
ASTM-D-1708 ( P s i )  

A f t e r  F ina l  Cure 

A f t  T e s t  Ring 
Inner Wrap Spec i f i c a t  ion 

R e  qui rement s MX-4926 

1.38 Min. 1.45 
f o r  PIfx-4926 1 .44  
1.68 Min. 1.45 
f o r  FM-5131 

1% M a x .  0.07 
0.04 
0.05 

1000 P s i  1,900 
Min. 2,800 

1000 P s i  
Min. 

3% M a x .  1.64 
1.67 
1 - 5 7  

Report Only 15,900 
15,300 
16,900 

* No s p e c i f i c a t i o n  requirements f o r  preform test specimens. 

Fwd T e s t  Ring 
Inner  Wrap Over Wrap 
MX-4926 FM-5131 

1.45 1.73 
1.46 1.73 
1.45 1.73 

0.21 0.21 
0.15 0.23 
0.13 0.14 

2,300 1,700 
2,400 1,600 

I n t e r f a c e  Between 
Inner Wrap and 

Over Wrap 
2,200 
1,700 

2.04 3.22 3.24 

2.06 3.21 3.21 
2.06 3.20 3.28 

15,700 9,600 
14,400 8,900 
15,700 9,500 

Throat Extension I n s e r t  Propert ies  from End Ring Test Specimens, 
260-s~-1 Nozzle 

Flgure 218 



Report NASA CR 72125 

J 

Property 
Spec i f i c  at ion  
REquirement s 

Spec i f i c  Gravity pe r  1.38 Min. 
Fed, T e s t  Method Std.  f o r  Mx-4926 
406, Method 5011 1.68 Min. 

f o r  FM-5131 

Acetone Ext rac tab les  per  1% Max. 
ASTM-D-49-46 , % 

In ter laminar  Shear per  1000 Ps i  
Fed. T e s t  Method Std.  Min. 
406, Method 1042, p s i  

In ter laminar  Shear per  1000 Psi 
Fed. T e s t  Method Std.  Min . 
406, Method 1042, p s i  

Vo la t i l e s  per  
TAP-DAP-122, % 

Microtensi le  per  
ASTM-D-1708, p s i  

Aft T e s t  Ring 
Inner  Wrap Over Wrap 

FM-5 131 FM-5131 

1.75 1.75 
1-75 1.75 
1.75 1 -75  

0.14 0.13 

0.20 0.09 
0.15 0.06 

1 , 460 1,900 
1,550 1,700 
1,430 1,800 

In t e r f ace  Between 
Innerwrap and 

Overwrap 
1,700 
1,800 

3% Max. 2.89 
2,83 
2.86 

Report Only 12,030 
15,600 
13 , 310 

2.93 
2.91 
2 -95 

9,600 

a ,200 9,000 

Fwd Test Ring 
Inner Wrap Over Wrap 
MX-4926 FM-5131 

1.37 1.70 
1.37 1.70 
1.37 1.71 

0.07 0.10 
0.24 0.08 
0.22 0.14 

2 , 500 2,000 
2,200 2,000 
2,800 2,000 

In t e r f ace  Between 
Innerwrap and 

Overwrap 
2,000 
2,300 
2,000 

2.39 2.66 
2.04 2.70 
2.14 2.71 

10,700 26,400 
5,400 20,400 
11 , 800 25,700 

Exit  Cone I n s e r t  Proper t ies  from End Ring Test Specimens a f t e r  F i n a l  
Cure, 260-s~-1 Nozzle 

Figure 219 
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Component Properties a f t e r  Final Cure from Test Specimens 

Test Conducted 

Specific Gravity per Fed. 
Test Method Std. 406, 
Method 5011 

Acetone Extractables 
per AS!tN-D-494-46, 

Interlaminar Shear 
(208489) per Fed. Test 
Method Std. 406, p s i  

Interlaminar Shear 
(208489) per Fed. Test 
Method Std. 406, p s i  

Volati le (208491) per 
TAP-W-122, $ 

Microtensile (208488) 
per ASTM-D-1708, p s i  

Specif ica t ion 
L i m i t s  

1.38 min 
f o r  MX-4926; 
1.75 min. 
f o r  MX-2646 

1$ max 

1000 p s i  
min 

1000 p s i  
min 

Report 
O d Y  

A f t  Test Ring 
Inner Wrap Ove r Wrap 

MX-4926 MX-2646 

1.45 1.78 
1.45 1.80 
1.45 1.79 

0.08 0.07 

0.08 0.06 
0.11 0.06 

2,980 2,700 
2,550 3,100 
2,810 3,300 

Interface Between 
Inner Wrap and 

Over Wrap 

2,400 
2,600 

2,100 

2.71 1.38 
2.68 1.70 
2.48 1.51 

17,700 17,600 

18,100 
18,200 

13,400 14,200 

Fwd Test Ring 
Inner Wrap 

MX-2646 

1.80 
1.81 
1.81 

0.16 
0.08 
0.05 

1.72 
1.67 
1.70 

12,700 
19,600 
17, loo 

Entrance In se r t  Proper t ies  from End Ring Test Specimens, 
260-s~-2 Nozzle 

Figure 220 

J 
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Component Properties a f t e r  Final  Cure from Test Specimens 

Specif icat ion 
Test Conducted Limits 

Specifsc Gravity per 1.38 min 
Fed. Test Method f o r  MX-4926 
Std. 406, Method 5011 1.68 min 

f o r  FM-5131 

Acetone Extractables 1% max 
per  ASTM-D-494-46, 

Interlaminar Shear 1000 psi  
(208489) per Fed. min 
Test Method Std. 406, 
Method 1042, p s i  

Interlaminar Shear 1000 psi  
(208489) per  Fed. min 
Test Method Std. 406, 
Method 1042, p s i  

Volat i les  (208491) 3% max 
per  TAP-DAP-122, $ 

Microtens i l e  (208488) Report 
per  ASTM-D-~~O~, p s i  only 

A f t  Test Ring 
Inner Wrap Over Wrap 
MX-4926 FM-51-31. 

1.45 1.74 
1.45 1.74 
1.45 1.74 

0.19 0.11 
0.16 0.07 
0.16 0.11 

J 50° 1,600 
1,500 i, 500 
5,900 1,800 

Interface Between 
Inner Wrap and 

Over Wrap 
2,000 
1,700 
1,500 

2.20 2.83 
2.07 2.87 
2.20 2.84 

16 , 300 9J30° 
15, 500 4, 300 
14,000 4 , 600 

Fwd Test Ring 
Inner Wrap Over Wrap 
MX-4926 FM- 5131 

1.45 1.75 
1.44 1-75 
1.45 1-75 

0.09 0.19 
0.17 0.13 
0.11 0.Q 

Interface Between 
Inner Wrap and 

Over Wrap 
1,480 
1,830 
1 , 660 

2.14 2.84 
2.04 2-79 
2.03 2.80 

17,100 9,900 
12, 700 8,900 
14 , 900 io , 900 

Throat I n se r t  Proper t ies  from End Ring T e s t  Specimens, 
260-s~-2 Nozzle 

Figure 221 

J 



Report NASA CR 72125 

Component Properties a f t e r  Final Cure from Test Specimens 

Test Conducted 

Specific Gravity 
per Fed.Test 
Method Std. 406, 
Method 5011 

Acetone Extrac tables  
per ASm-D-494-46, $ 

Interlaminar Shear 
(208489) per Fed. 
Test Method Std. 406, 
Method 1042, p s i  

Interlaminar Shear 
(208489) per Fed. 
Test Method Std. 406, 
Method 1042, p s i  

Volati les (208491) 
per TAP-DAP-122, $ 

Microtensile (208488) 
per A S T M - D - ~ ~ O ~ ,  p s i  

Specification 
L i m i t s  

1.38 min 
for Mx-4926 
1.68 min 
for FM-5131 

I$ max 

1000 p s i  
min 

1000 p s i  
min 

A f t  Test Ring Fwd Test Ring 
Inner Wrap Inner Wrap Over Wrap 
MX-4926 Mx-4926 FM- 5131 

1.44 1.45 1.73 
1.44 1.45 1-73 
1.44 1.45 1-73 

0.24 0.12 0.25 
0.19 0.11 0.25 
0.20 0.18 0.14 

3,300 2,720 1,410 
3,500 2,360 1.470 

2,570 2,040 

1.93 
1.94 
1.94 

13,600 
13 , 500 
12,100 

Interface Between 
Inner Wrap and 

Over Wrap 
2,400 
2,510 
2,400 

1-93 3.28 
2.10 3.31 
2.02 3-30 

15,500 10,200 

15,600 io, 700 
15,900 10,400 

Throat Extension I n s e r t  Proper t ies  from End Ring T e s t  
Specimens, 260-s~-2 Nozzle 

Figure 222 
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Component Properties a f t e r  Final Cure from T e s t  Specimens 

Test Conducted 

Specific Gravity 
per Fed. Test 
Method Std. 406, 
Method 5011 

Acetone Extractables 
per ASTM-D-494-46, 

Interlaminar Shear 
(208489) per Fed. 
Test Method Std. 406, 
Method 1042, ps i  

Interlaminar Shear 
(208489) per Fed. 
Test Method Std. 406, 
Method 1042, ps i  

Volatiles (208491) 
per TAP-DAP-122, 

Microtensile (208488) 
per ASTM-D-1708, ps i  

Spec if ica t  ion 
L i m i t s  

1.38 rnin 
f o r  MX-4926 
1.68 min 
f o r  FM-5131 

1% max 

1000 ps i  
min 

1000 ps i  
min 

A f t  T e s t  Ring 
Inner Wrap Over Wrap 
FM- 5131 FM- 513 1 

1.71 1.71 
1.71 1.70 
1.70 1.72 

0.12 0.10 
0.14 0.11 
0.15 0.10 

1,230 
1,280 
1,140 

Interface Between 
Inner Wrap and 

Over Wrap 
1,020 
1,320 

3-36 3.13 
3.24 3.26 
3.26 3.13 

8,300 
7,900 
7, 500 

Fwd Test Ring 
Inner Wrap Over Wrap 
MX-4926 FM- 5131 

1.42 1.71 
1.41 1.72 
1.42 1.71 

0.02 0.06 
0.11 0.07 
0.09 0.09 

2,620 1,270 
1,510 1,290 
2,200 970 

Interface Between 
Inner Wrap and 

Over Wrap 
1,700 
2,000 
1,960 

2.60 3.11 
2.53 3.06 
2.62 3.06 

21,400 10,100 
18,800 7,400 
23 , loo 9, 000 

Exit  Cone Tnsert Proper t ies  from End Ring T e s t  Specimens, 
260-s~-2 Nozzle 

Figure 223 
a 
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Bond Joint 

Inner Doublers t o  Plastic 

Average Bond Shear 
Bondline Thickoess, in. Strength, p s i  

0.017 - 0.027 1540, 1829 ( f i r s t  cure) 
1500, 2000 ( th i rd  cure) 

A f t  F l a w  t o  Inner Doublers 
(Won 913) 

0.m - 0.062 

Inner Facing t o  Inner Doublers 
(Epon 955) 

0,007 - 0.013 

Honeycomb Core t o  Inner 0.007 - 0.013 

Outer Facing t o  Honeycomb 
Core (moa 955) 

0.007 - 0.013 

3240 f i r s t  cure) 
1928 [second cure) 

851, l664 (first cure) 
1574, 1843 (second cure) 

851, 1664 ( f i r s t  cure) 
1574, 1843 (second cure) 
Trepan - 715 
Flatwise Tensile: 

657 ( f i r s t  cure) 
717 (second cure) 

1006, 1388 
Trepan - 729 
Flatwise Tensile: 

798 

Fonrard Flange t o  Inner 
Doubler (Epon 913) 

Liner (Won 913 ) 

Outer Facings t o  Forward 
Flange (@on 955) 

(man 955) 

Outer Doublers t o  Outer 0.007 - 0.013 
Facings (Epon 955) 

0.008 - 0.030 

Forward Flange t o  Plas t ic  0.012 - 0.040 

0.007 - 0.013 

Outer Facings t o  A f t  Flanges 0.007 - 0.013 

2397 

2397 

1006, 1388 

10006, 1388 

1006, 1388 

IntrSsonic Inspection 

Doubler No. 3: One indication at  
7-3/4 in. from eage and 52-1/2 in. 
from a f t  end 1/2 in. wide x 
1-1/2 in. long. one indication a t  
19 in. from edge and 33-3/8 in. 
from a f t  emi 1/2 in. wide x 2 in. 
long. 

From 0' (TDC) t o  90" CCW (looking 
a f t )  signal above optimw bond by 
maximum of 20$ over 3-1/4 in. bond 
a t  thickest  cross-sectional area 
of ring. 

Not Applicable. 

Not Applicable. 

Nonstandard Areas : 
Fanel No. 2: 14 in.  from fwd 
flange 3 in. from l e f t  doubler 
area 2 4 2  in. x 1/2 in., 46.5 in. 
from fwd flange 3 in. from l e f t  
doubler area 1 in. x 2 in., 
57.5 in. from fwd flange 3 in. 
from l e f t  doubler area 1 in. x 
2-1/2 in. 
Panel No. 3: 70 in. from fwd 
flange 3 in. from l e f t  doubler 
area 24 in. x 1/2 in. intermittent. 
Fanel No. 11: 5 in. from flange 
2 in. from l e f t  doubler area 
3 in. x 1/2 in. 
Fanel No. 14: 
3 in .  from l e f t  doubler. Area 
a in. x 1/2 intennettent. 

No Indication. 

40.5 in. from flange 

NO Indication. 

No Indication. 

No Indication. 

Nonstandard Areas : 
Ddubler No. 2: 27.5 in. from 
flange 1 in. from l e f t  end of 
doubler 2-1/4 in. x 1/2 in. area. 
Doubler No. 3: 19 in. from 
flange 1 in. from l e f t  end of 
doubler 1 in. x.1/2 in. area. 

1 in. from l e f t  end of doubler 
2-1/2 in. x 1/2 in. area. 

43 in. from flange 
1 in. from l e f t  end of doubler 
1 x 1/2 in. area 
Doubler No. 5: 44.5 in.  from 
flange 2 in. from l e f t  end of 
doubler 2 in. x 2-1/2 in. area. 

21.5 in. from flange 

Exit Cone Bonding Process summary, 260-s~-2 Nozzle 

1 Figure 229 
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81 

zrmest T/C 
1. 

2. 

3. 

4. 

5. 

I n s t a l l  i n  au toc lave .  Connect 
vacuum and dead end gage. Draw 
vacuum. I s o l a t e  and check. 
3 i n .  drop i n  20 min is permis- 
s i b l e .  Repair if needed. 
Connect TC ' s  t o  recorder  l e ads  
having the  same number. 
Close c lave .  Pressur ize  t o  
300 p s i  2 10 p s i .  
vacuum. 5 in .  drop i n  20 min. 
permiss ib le .  
S e t  autoclave temperature t o  
185'F. When co lde s t  TC reaches 
175"F, hold f o r  60 min. 
Cool t o  135OF maximum a t  t he  
r a t e  of 50°F pe r  hour. 

Recheck 

100 200 300 1 
Time, min 

1 I I I I I I J 
0 1 2 3 4 5 6 7  

Time, h r  

Predic ted  
1 Autoclave emperature 

2 

3 

Mandrel s i de  of p a r t  (warmest) 

Coolest  p a r t  po in t  during warmup; 
warmest during cooldown 

Actua l  
4 Warmest po in t  i n  p a r t  

5 Coolest  po in t  i n  p a r t  

Throat Extension Inser t ,  Preform Cycle, 260-s~-1 Nozzle 

Figure 249 
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XX- 

Nozzle Assembly 
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10 20 30 
24 g a xx- 
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2.50 MX-4926 

SURFACE RECESSION, TN. 
.------- "" 'Radial: Locations, Deg--' 
0 39 60 90 120 150 9 $ 270 31)Q 380 Predicted 
3cT- - - - _ c _  7- 

037 e39 e 3 4  -46 e49 e 4 4  e 4 3  944 p45 e 4 3  044 a43 48 

-21 ,24 .18 .30 .30 -19 .28 -25 -29 .18 -16 -33 60 

e30 935 .25 e37 e 4 4  e 3 5  939 -36 -43 934 -37 e 3 4  0 15 

009 e 0 8  e 0 4  e08 e11 e10 e08 009 -13 .lo 019 e09 0'7 

008 007 905 008 .08 e07 007 a 0 9  p07 e07 009 008 ,094 

e28 e47 950 940 e48 e43 e41 -32 e33 038 -32 e44 ,085 

e05 e07 004 005 e08 906 906 003 e04 904 e05 005 -07 

0 .03 0 0 0 0 8 .a2 .OOS .02 -02 .03 .04 

0 0 0 0 0 0 0 0 0 0 Q 0  e025 

*Deepest Groove i n  Vicinity. 

NQzzle Surface Recession a t  Various Radial ana Axial LocatiQns, 44-SS-1 Motor 
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Char Depth, in.  
Actual* Predicted 

Area Radial Location, Degrees - Ratio Material - 60 222 - 180 - 210 2% 
-2.80 ~ 6 4 6  .20 .20 .16 .16 .18 .12 

-1.51 MX4926 35 .35 35 38 36 * 22 

11 .46 .20 

1.31 .34 * 37 37 .56 .41 .22 

11 24 1.81 -36 * 39 37 .40 .38 

2.50 .34 9 37 0 35 .35 35 25 

1.0 .34 50 49 * 50 
I t  

11 

*Char depth measured only a t  60, 90, 180 and 210". 

Pirozzle Char Depth, 44-33-1 Motor 

Figure 259 
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Thermocouple 
Number 

1 

2 

3 

21 

5 

6 

7 

8 

9 

10 

Temperature, OF 
Time, sec 0 10 20 2L8* 30 35 

83 85 92 94 96 96 

84 86 93 95 96 97 

84 85 96 97 97 98 

84 86 95 97 99 99 

85 87 95 98 100 100 

83 86 97 99 101 102 

81 82 83 83 83 83 

82 83 83 84 84 83 

83 83 84 86 86 87 

*End of action time 

Time-Temperature Swamary of Nozzle Shell Thermocouples, Motor 44-SS-1 

Figure 261 
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Pos t f i r ing  Nozzle Prof i l es ,  Motor 44-SS-2 

Figure 262, Sheet 1 of 3 

1 



Report NASA CR 72125 

Pos t f i r i ng  Nozzle Prof i les ,  Motor 44-SS-2 

Figure 262, Sheet 2 of 3 

i 



Report NASA CR 72125 

24.3- 

300. 

Pos t f i r i ng  Nozzle P ro f i l e s ,  Motor 44-SS-2 

Figure 262, Sheet 3 of 3 



. Report NASA CR 72l-25 

M 
rl * 

N 
N 

0 

(0 
0 

0 

00 
N. 

a 
rl 

0 
N 
m 

m 
N 
m 

v, 
N . 
e- 
N 

m 
N 

a 
rl * 

d 
N 

N 
N 

d 
d 

2- 

r- 
U 

W 
f 

60 
d 

0 

N 
d . 
N 
N . 
rl 
10 . 
u) 

9 

W 
d 

8 

d 
4 

N 

4 

u) 
d 

0 

rl 
m 

0 

P- o . 
rl 
d . 

d 
d s 

W 
M 

m 
t 

0 

8 

M 
N . 
N 
N 

N 
M . 
N 
M 

0 

N . 
0 
m 

N 
m 

N 
m 

d 
M 

4 
N * 

rl 
N 

e 

Ki 

d 

2 

M 
N 

m 
8 

vl 
4 

e 

m 
M . 
d 
M 

e 

co 
m * 

M 
M . 
W 
m * 

d 
M . 
d 
m 

W 
M . 
v 
M . 
r- 
N 

0 
M 

P. 
m 

0 

W 
d 
W 
N 

d 

0 
m 
N 
t 

. 

r- s 

W 
0 

e 

? 
u) 
0 

e 

? 
M 

4 

d 
0 

0 

00 
0 

o 

a 
4 

10 
0 

0 

P- 
O 

0 

W 
0 

0 

M 

9 

W 
N 
0 
d 

4 

rl 
m 
rl 
t 
* 

P 
a 
0 

0 

P- 
O 

e 

d 
9 

rl 
rl * 

rl 
rl 
m 

0 
rl * 

r- 
0 

0 

0 
4 

e 

a 
9 

P- 
0 

0 

M 
0 . 
v, 
4 

W 
0 

0 

W 
N 
CR 
d 

B 

0 

rl 
0 

u) 
M 

9 

u) 
N 

0 

M 
N 

e 

P- 
e 
m 

W 

4 

% 

N 
M 

0 
d 

0 

d 
d 
a 

W 
N e 

W 
M 

0 

W 
M 

e 

rl 
m . 
W 
N 
a 
d 

d 

.y 
a 
0 

rl 
0 

P- s 

d 
0 

d 
0 

e 

5 
a 
4 

a 
0, 

u) 
0 

e 

a 
9 

W 

0. 

9 
In 

W 
0 

0 

M 
0 . 
0 

9 

W 
N 
a 
d 

4 

E- 
N 

0 
rl 

d 
0 
a 

N s 
0 

u) 
0 

0 

rl 
0 

0 

0 

m 
0 

e 

d 
0 

0 

0 

m 
0 
a 

0 

0 

W 
N 
a d 

d 

rl 
M 

rl 
0 

u, 
N 
0 
a 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

W 
N 

d 

4 

0 
10 

N 
0 

k 
0 
-P 

8 

3 
3 

d c 
cd 

-@ 
cd 

Figure 263 

i 



R e p o r t  NASA CR 72125 

Figure 264 

1 

k 
0 



Report NASA CR 72125 

I <  ~ 

k 
0 
-4J 

Figure 265 



Report NASA CR 72125 

3 2 1 

I ) . .  

l i . 3  - 



Report NASA CR 72125 

" 
a3 

l-i 
a3 

(u 
a3 

4 
a3 

(u 
a3 

N 
a3 

f 
a3 

f 
a3 

M 
a3 

M 
a3 

M 
a3 

M 
a3 

M 
a3 

M 
a3 

vl P 

Figure 267 



Report BASA CR 72125 

k 
0 +J 

h 

a, 

L6 
k 
-P 
d w 

2 

a, 
rf 
N 
N 

Figure 268 



Report NASA CR 72125 

k 
0 
c, 
2 

a, 
4 
N 
N 

Figure 269 



Report NASA CR 72x5 

a, 
4 
N 
N 



Report NASA CR 72125 

k 
0 
-P 

a, 
r-l 
N 
N 

k2 
3 
a, 
.rl 
3 

Figure 271 

J 



Report NASA CR 72125 

k 
0 
-P 



Report NASA CR 72125 

3 R 

Figure 273, Sheet 1 of 3 
d 



Report NASA CR 72125 

Figure 273, Sheet 2 of 3 



Report NASA CR 72525 

Figure 273, Sheet 3 of 3 



Report BASA CR 72125 

00 
rl 

e 

0 
M 

0 

00 
N 

e 

N 
M 

0 

P- 
m 

0 

Q, 
M 

0 

13\ 
N . 
00 
N 

e 

d 
N 

e 

m 
m 

0 

N 
N 

e 

00 
N 

e 

d 
e 

d 
d 

2 

@. 

UY 
4 

0 

00 
d 

0 

Q, 

9 

* 

N m . 
4 
m 

0 

m s 

0 
d 

0 

d m 
e 

00 
d 

0 

0 m 
0 

00 
M 

e 

0 m 
e 

m 
9 

d 

2 

\I) 
00 

e 
m 
I 

0 
UY 

e 

Q, 
d 

0 

d 
4 

rl m 
0 

UY 
d . 
0 m 

0 

00 
d 

0 

N m 
e 

rl 
d 

0 

00 
M 

e 

Q, 
M 

e 

d 
d . 
rl m 
e 

d 

3 

a? 
N 

m 
I 
0 

m 
rl 

e 

4 
M 

N 
m * 

P- 
N . 
0 
-.I. 

0 

d 
M 

e 

d 
M 

e 

m 
N 

0 

UY 
N 

0 

N 
M 

e 

00 
rl 

0 

rl 
N 

P- 
N 

e 

UY 
d 
\D 
N 

4 

0 
00 

N 
I 

P- 
0 

0 

UY 

9 

ta 
0 

0 

P- 

9 

M 
d 

e 

M 
d 
e 

UY 
0 

e 

UY 
0 

e 

00 
0 

e 

m 
0 

e 

m 
9 

UY 
0 

m 
0 . 
UY 
N 
Cn 
d 

d 

rl m 
rl 

D 

0 

d 
Q, s 

P- 
0 

0 

00 

9 

Q, 
0 

0 

00 
0 . 
00 
0 

0 

00 
0 

e 

00 

4 

00 
0 . 
00 
0 

0 

00 

9 

0 
0 

0 

00 
0 . 
UY 
N 
Q, 
d- 

d 

0 

d 
e 

m 
M 
0 

0 

UY 

9 

P- 
O 

e 

? 
00 

9 

P- 
0 

0 

P- 
O 

0 

? 
00 

9 

0" 

P- 
0 . 
UY 
0 . 
P- 
9 

UY 
N 
Cn 
d- 

d 

Q, 
0 
rl 

P- 
0 

e 

8 

10 
0 . 
m 
0 . 
P- 
O 

00 
0 

0 

\D 

9 

UY 
0 . 
00 
0 

0 

d 
0 

Ir) 
0 . 
d 
3 

0 
0 

0 

UY 
N 
Q, 
d 

4 

P- 
N 

d 
0 

d 
0 * 

M 

9 

m 
0 

M 
0 

0 

m 
4 

4 
M 

m 
0 . 
m 
0 . 
M 
0 

m 
0 

e 

m 
9 

m 
0 

e 

N 
0 

e 

UY 
N 
Q, 
-4- 

4 

rl 
m 
d 

v1 

? 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

UY 
N 
Q, 
d 

d 

8 
N 

k 
0 
.kJ 

8 
rr) 

I rn 
A- A- 
Y 

0 
4 

Figure 274 



Report NASA CE1 72125 

0 

Figure 275 

d 

R 
H 

2 

k 
0 



Report NasA CR 72125 

Ln 

R 
I 

I 
0 

0 m 

0 
0 r- 
c\I 

M 

Figure 276 



0 
rl 
rl 

0 a 
0 cn 

0 co 

0 r- 

0 
W 

w 
0 s 

0 
rc 

* 
c\! 
cr cu 

0 cu 

0 
r-i 

0 

0 
ffl 
(II 

.3 
E- 

Report NASA CR 72125 

e - a 3 r - a 3 w  
r - c - r - r - a 3  

w c o e - c o w  r - e - r - r - 0 3  

0 O r l r l r - i  r - r - r - c - r -  

cc) 
I 
m 
9 
3 
3 
k 
0 
-P 

8 

4 
4 
a, 
d rn 
2 

G 
N 
N 

k 
0 

Figure 277 



Report NASA CR 72125 

Figure 278, Sheet 1 of 4 
i 



Report NASA CR 72125 

Figure 278, Sheet 2 of 4 
1 

? m 
tn 
I 

0 cu 
rl 
k 
0 

cn 
a, 

r i  
. I 4  
k 
0 

& 
E: 
0 
-4 
01 
0 

&i 



Report NASA CR 72125 

t 

h 
4 
P 
8 
2 
4 

i2  
? 
Y 

m 

N 
N 

m 

3 
%I 
0 

rn 
4 

r2 
.rl 
k 
0 

.A rn 
0 
k w 

Figure 278, Sheet 3 of 4 



Report NASA CR 72125 

8 

h 
4 
P 

rn 
-2 
a, 
4 
N 
N 

k 
0 

rn 

.rl 
k 

pc 
c 
0 
.ri rn 
0 
k w 

3 

a 

Figure 278, Sheet 4 of 4 



Report IXASA CR 72125 

Figure 279 



F 



0. 
I 

I 

SECTION !a 



Report NASA CR 72125 

! 3 0  
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Be ginning Of 

Dimensions A, B, and C, were taken from the center line of each 1.046-in.-dia hole. 
Hole Dimension Hole 
No. A - - 
1 .680 
2 .750 
3 -500 
4 
5 
6 
7 1.300 
8 1.720 

i o  .960 

I 2  .goo 
13 1.100 
14 .300 
15 
16 
17 
18 
19 .540 
20 
21 .550 
22 .050 

9 1.400 

11 1.350 

23 .500 

B - 

1.460 
1.110 
1.060 

1.300 
.800 
.600 
1.250 

1.100 

No. - c - 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 

A 

.610 

.660 

- 

,800 
1.700 
1 730 
1.810 
1.220 
950 
.300 

1.400 
.600 
.580 
.860 
.goo 
.g10 
-750 

Dimension Bole 
I! 

1.310 
1.260 
1.400 

.loo 

.050 

1.200 

No. 
_c 

c - 
47 
48 
49 
50 
51. 

1.120 52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 

Dimension e I! - c 
.650 
.320 

1 * 330 

1.350 
1.480 

1.050 
,700 

.300 

.450 

.030 

.660 

.540 . 
1.090 
.850 
.150 

,560 
.780 
1.100 
1.130 
.680 

.960 

.850 

Pos t t e s t  120-SS-1 Nozzle Erosion Pat tern  o f  V-44 Insulat ion 

Figure 282 
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NOTES: I. SNORE D READINGS AR€ MIN, AVE, B M A X .  
LOCATIONS OF snoRE READINGS ON PLOT 

L I N E S  APE AV€RAGE. 

HEAT AFF€CTED ZONE L/N& 
CXAR DEPTH LhVE 

RECE~S/ON DEPTH L I N E  

Pos t t e s t  Hardness P lo t  and Laminate Orientat ion of 120-SS-1 
Nozzle Throat 

Figure 283 
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Erosion Profiles of 120-SS-1 Exit Cone Assembly 
Figure 299 -3  
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Posttest View of 260-s~-1 Nozzle Entrance Insert 
Figure 312 
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Pos t tes t  V i e w  of ~ ~ o - s L - I .  Exit Cone, S i l i c a  Cloth and Phenolic 
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Pos t t e s t  View of Nozzle Entrance Tnsulation, Motor 260-s~-2 

Figure 326 
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Pos t t es t  V i e w  of E x i t  Cone Exter ior ,  Motor 26O-SLT2 
Figure 333 
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QUALITY CONTROL 
FIBERITE TEST METHOD 1-3 

DEGREE OF ADVANCEMENT OF PHENOLIC “B” STAGED 
MATERIAL BY INFRA-RED ANALYSIS UTILIZING ZERO POINT BASE LINE 

I EQUIPMENT: 

1. Double beam Infra-Red Spectrophotometer. 
2. Matched sealed Na C1 cells 0.20 mm path length or variable path wedge cell. 

11 EQUIPMENT SPECIFICATIONS: 

I .  Spectrophotometer must be balanced in accordance with manufacturer’s procedure before operation. 
2. IO and noise scans must be run a t  one (1) week intervals to assure proper operation of the instrument. 
3. Cell used will be marked to assure the reference cell will always be used in the reference beam and the sample 

4. A spectrum will be scanned a t  one week intervals with acetone in both cells to assure that the cells are in 
The spectrum obtained shall not vary more than 2 3’% transmission over the 

cell will always be used in the analytical beam. 

proper operating condition. 
range of 9.0 to 15.0 microns. 

111 INSTRUMENT SETTINGS: 

1. The instrument shall be set for double beam operation. 
2. Slit program “Normal” 
3. Scanning rate . .  1 .O microns/min. max. 
4. Recording paper Linear transmission paper 

IV SAMPLE PREPARATION: 

1. Obtain a representative sample of prepreg material and cut it into f.i x f.i inch squares. Weigh 6.0 grams 
Extract for a minimum of 10 minutes of material and dissolve it in 36 milliliters of spectro grade acetone.* 

with intermittent stirring. 
2. Filter the extract through fluted high retention filter paper. Collect the filtrate in a clean beaker. 
3. Rinse the reference and sample cells three times with spectro grade acetone. Flush each cell with dry nitro- 

gen. Fill the reference cell with spectro grade acetone. Fill the sample cell with extract. 
4.  Balance the spectrophotometer and set a t  12.2 microns. Insert the sample and reference cells. If the trans- 

mission is greater than 45% adjust the concentration of the remaining solution by evaporating acetone a t  
room temperature. If the transmission is less than 40% adjust the concentration of the remaining solution 
by diluting with spectro grade acetone. 

5. Fill the sample cell with extract of correct concentration and scan the spectrum from 8.0 to 15.0 microns. 

V DETERMINATION OF IRPI 

1. Remove the spectrum from the instrument and determine the transmission values a t  the curve maximum 
of the 9.8 micron band and of the 12.2 micron band as illustrated on the spectrum on the reverse side. 

2. Convert these transmission values to absorbance values as follows: absorbance 5 Log (l/transmission). 
3. The IRPI value is calculated as follows: 

IRPI =absorbance values of the 12.2 micron band 
absorbance values of the 9,8 micron band 

+DPuble distilled CP Acetone may be used. 

APRIL. 1964 
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TEST METHOD CTM-5 
DECREE OF CURE 
BY CHANG'S INDEX 

.- 

1.0 Scope 

1.1 T h i s  method d e s c r i b e s  a p r o c e d u r e  f o r  a n  a r b i t r a r y  
measure of t h e  r e l a t i v e  d e g r e e  of c u r e ,  advancement,  o r  
p o l y m e r i z a t i o n  of l i q u i d  mesins o r  p r e p r e g s .  

2.0 Equipment 

2 . 1  d u r e t ,  50 ml. 
2.2 
2.3 
2.4 
2.5 

2.7 

2.8 

2.9 
2.10 
2 . 1 1  
2.12 
2.13 

2.6 

A n a l y t i c a l  b a l a n c e  
T r i p l e  bean b a l a n c e  
D i s t i l l e d  water 
Acetone 
P i p e t ,  25. ctl .  
Aluminum d i s h ,  1 .5  gm., 2-3/0 i n c h  diameter, 5 /8  i n c h  
deep  
HypoderniC s y r i n g e s ,  2 ml., 1 0  m l . ,  30 m l .  w i t h  d e l i v e r y  
n e e d l e s  
Oven, f o r c e d  a i r  
Desiccator 
F i l t e r  p a p e r ,  Whatman Nos. 4 1 ,  42 
F r i t t e d  g l a s s  f i l t e r i n g  c r u c i b l e s ,  medium, f i n e  
F l a s k s ,  125 m l .  e r l e n m e y e r  

3.0 Sample S i z e  

3.1 L i q u i d  r e s i n s  
3.1.1 10 grams f o r  r e s i n s  between 50% and 100% s o l i d s  
3.1.2 20  grams f o r  r e s i n s  between 30% and 50% s o l i d s  
3.1.3 . F o r  r e s i n s  n e a r  20% solids,  m e a s u r e , s o l i d s  a c c o r d i n g  

t o  t h e  method of p a r a g r a p h  4.2 and p roceed  t o  
p a r a g r a p h  4. 3. 

1 5  grams for materials of between 40% and 56% d r y  
r e s i n  content  
20 grams for  materials of between 30% and 40% d r y  
r e s i n  c o n t e n t  

3.2 P r e p r e g  materials 
3.2.1 

3.2.2 

4.0 Procedure  

4.1 P r e p a r a t i o n  of Intermediate S o l u t i o n s  

LAMINATINO STOCKS * MOLDINQ COMPOUND. * PR8M.O ROVINOS 
POLYESTER E W X Y  SILICONE PHENOLIC . MELAMtNE PHENYLSILANE 
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TEST t-!!CTHOD CTM-5 

4.0 P rocedure  - (Con t ' d . )  

4 . 1 . 1  P r e p a r e  d u p l i c a t e  s o l u t i o n s  
4.1.2 Liqu id  Res ins  - Mix i n  a f l a s k  t h e  a p p r o p r i a t e  

sample s i z e  weighed on t h e  t r i p l e  beam b a l a n c e ,  
w i t h  abou t  50 m l .  o f  ace tone .  Determine t h e  r e s in  
s o l i d s  o f  m i x t u r e  a c c o r d i n g  t o  t h e  method o f  
pa rag raph  4 . 2 .  

chopped t o  abou t  1/2" x 1/2" and weighed i n  a f l a s k  
on t h e  t r i p l e  beam b a l a n c e ,  w i t h  50 m l .  of a c e t o n e  f o r  
1 5  minu te s  minimum. S w i r l  o c c a s i o n a l l y .  F i l t e r  t h e  
e x t r a c t e d  material  t h rough  No. 4 1  or 4 2  f i l t e r  paper .  
I f  t h e  mater ia l  c o n t a i n s  f i n e  f i l l e r ,  thorough 
f i l t r a t i o n  may r e q u i r e  t h e  use  of a medium or f i n e  
f r i t t e d  g l a s s  f i l t r a t i o n  crucible .  Determine t h e  
r e s i n  s o l i d s  o f  t h e  s o l u t i o n  a c c o r d i n g  t o  t h e  method 
o f  pa rag raph  4.2. 

4.1.3 P rep reg  Materials - Soak t h e  a p p r o p r i a t e  sample s i z e ,  

4.2 Dete rmina t ion  of Resin  S o l i d s  of I n t e r m e d i a t e  S o l u t i o n s  

4.2.1 Weigh on t h e  a n a l y t i c a l  b a l a n c e  by d i f f e r e n c e  from 
a 2 m l .  s y r i n g e ,  2 m l .  of i n t e r m e d i a t e  s o l u t i o n  (or  
l i q u i d  r e s i n  o f  pa rag raph  3.1.3).  Discharge  t h e  
s o l u t i o n  i n t o  a tared aluminum s o l i d s  d i s h .  Dry i n  a 
275OF. f o r c e d  a i r  oven f o r  30 minu te s .  Cool i n  a 
d e s i c c a t o r .  

4.2.2 C a l c u l a t e  r e s i n s  so l ids  of t h e  i n t e r m e d i a t e  s o l u t i o n s  
as follows: 

Reweigh on t h e  a n a l y t i c a l  ba l ance .  

F i n a l  weight  o f  d i s h  - I n i t i a l  weight  o f  d i s h  100 % S o l i d s  = 2 m l .  sample weight  - 
4.2.3 F o r  h i g h e s t  p r e c i s i o n ,  i n t e r m e d i a t e  s o l u t i o n  s h o u l d  

be  i n  r a n g e  of 10% t o  20% s o l i d s .  
4.2.4 S o l i d s  s h o u l d  be run  i n  t r i p l i c a t e  and a g r e e  w i t h i n  

.3% of t h e  average of t h r e e  d e t e r m i n a t i o n s .  
4.3 P r e p a r a t i o n  of F i n a l  S o l u t i o n  a t  4.0% Resin  S o l i d s  

Calculate ~ 1 ,  weight  i n  grams o f  i n t e r m e d i a t e  
s o l u t i o n  t o  be used ,  as f o l l o w s :  

4.3.1 

w 1  = 1 6 0  
8 r e s i n  s o l i d s  from pa r .  4.2.1 

Calculate W2, weigh t  o f  a c e t o n e  t o  be used ,  as 
f o l l o w s  : 
W2 = 40 * W 1  

Page 4 
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A p p e n d i x  A 

1 .o 
1.1 

2 .o 
2.1 

2.2 

2.3 

2.b 

2.5 

2.6 

2 e 7  

2.8 

3 .O 
3.1 

& e 0  

&.l 

L e 2  

4.3 

L.L 

PUREUSE: 
!$he purpoae of this p Y o w d ~ ~ e  is t o  cfstsrndne t he  r08in solids canten6 
of a a r b  and &mphi%s reinforced phenolio raw W t d r i a h  ami preforms 
by morn8 of wtradion d t h  bl,M - dimthylfornamide . 

Extraction Apparatus, Paodiiled Untiemiter' 6 Form. 

Extraction Thimbles, Paper, Double Thickness, 00 x 2 2 rm. 

Electric Hot Plate. 

F i l t e r  Pa;:er. 

Ana1,fiical Balance. 

Alunrtlum Drying Mshes. 

Drying Oven. 

Desicaator. 

SJuPLEr 
4.0.5 * 0.05 gn saqle  shall be used for each test. 
are required for  report ing results.  

PROCEIURXt 

&pl ica te  tests  

DetePminQ vo la t i l e  content of materinl per  TAP-DAP-U)~. 

Precondition thimbles by r ins ing  for a minimum of 3 minutes in JB4F 
and &fins fo r  1 hour a t  350.F. 

Weigh 0.5 
to the nearest .mol gm onto filter paper. 
place:hto 22 x SO m extract ion thinble. 

Cool 5n desicoator t o  room 
OIernperature . 

0.05 gm s q l s  (fresh material, not "devoled" sample) 
Fold over paper and 

Plaoe thimble containing sample i n to  extract ion appeatua. 
9 nil E#@ f i l l in?  t h e  thimble and pouring t h e  remainder in%o t he  flaak. 

Add 

Thompson Ram0 Wooldridge lnc, 
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Where: MI i s  the origin;hl, nt. of sanlpie 
W2 i s  the Ht of the drJr resin 

atract . 
WORT: I 

The nverage of  two determinRtione ohal?. be reported as the percen+i 
resin aolida. 

The range of values 
repeated t e s t s .  

shall. not be more t ian 1.0 percentsge y o h t  in 

Thompson Ramo Wooldridge lnc. 
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1 .o 
lrl 

2.6 

2.3. 
2.2 

3.0 

3.1 

I, .O 

k.1 
11.2 

h.3 

5.0 
5.1 

5.2 

P U W E :  
Thie, method describes a pro.cedure for daterminlng tha hardnees 
of p las t ic  materials using a b r c o l  Xipressor. 
rx$JIPHBpp: 

Barcol Lqressor, Model SZJ-9% , B a r b e r  f=Ola~an Co.,Rockford, l l l i co i s .  
,%libration Lriso 

SAiPLE: 

Five detcrminati~ns are m& on B s i f i g h  ssm~le,  st' at  lea& 3 S W R X J  
inches in. area and l./G i nch  'r,!-ick. 

pfgjaau: 

Cvnduct .ail tests a t  75.F 15.F. 
Chedk t h e  W c o l  Inpressor using t?m ca l ib ra t ion  disc to aee 
it is accurate. . 
A t  fioe randamly selected points, tes% the ka.rh;etls by f i r d y  pressing 
the hardness tester onto the sa.yle. 

7 

that 

REWHTINNQ: 
Report the average of  
the sarpple. 
The range of readinga 

five d h l .  readings a8 the UarcoL Hardness o f  

should not exceed 10 u n i t s .  

Kon-Hetallic &faterial8 
Osvelopment Mpartment 

Hon-Metallic 5fateria1s 
Ibvelopmnt &!p€U-tAent 

Thompson Ramo Wooldridge Inc. 
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3.1 . A representative g'm s a q l e  of  prepreg material, cut h n t o  
b * 1/32" squarea, is uaod. This quantity w i l l  b e  sufficient for 
clupllaats tests. 

L o  .. f3Y)mrnmt 
Ir e 1  

L 2  

Using paper autter astmpJatr rud &amp knife, mt  out suff icient  

Weigh samplo to tpe nearest .Ol gram. (u ) Place between two 6heeta 
of a l u d n u s  f o i l  approximately 6" x 8n, hnd eigk sample and foi l  to 

x Ir. panels to make two 25 3 gram eanples. 

the nearest .01 gls. (w2, 
If the sanple tends to stick t o  the  f o i l  after wring, It i e  

perniSelble to u8e a non-mlstile mold release  agent, such as Miller- 
Stephenson4s Ms-112 on the f o i l .  Such agents my be used only under 
mnditione suah that they do not undergo a weigh:hftloss of greater ' 
thra .005 rpranr. 

h.3 ' -  Pt.eheRt preas platens t o  320 2 5.F. Plaoe eanple and  f o i l  in to  
pra8sg taking care that the edges of a l l  panel8 remain properly 
dipped. Apply X)O * 5 pel .(3200 2 80 lbs.) end hold for 3 ndoutes. 
Hold a pressure of aD0 2 x) p s i  for another 7 triinuhs and then 
roleass. Reeawrrs snqle and mol in a desiccator, Wei& sample 
with fill t o  the nearest .01 gm. (M3 

Thompson Ram0 Wooldridge /nc, 

Page 8 
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l4.l Remove alumlnum foil 'and resin flash, trimning the sample t o  i t a  
original Ire x &n size. 
fibers. Weigh final lanidnete t o  tho nearest .01 gm. (Uh) 

Care nolet tm taken not t o  remove any reinforcing 

5 00 CILL(IILATDIISI 

5-1 The percent Resin Flow is calculoted a5 

6 e 0  RKiOiiT; 

6.3. 

6.2 

Report the average o f  two deternin?tlons as t.he p r c e n t  r.eeh flow. 

The r;u?~p o f  value8 obtained in s~.ccssoive W.erminatlans sho;Jld be 
no geater than 1.5 percantam point, nor shr.11 it exceed 1% Of tho 
median value. 

Thompsun Ramo Wouldridge Inc. 
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. .  . .  . - . . . . .  

1 .o 

2.0 

2.1 

2.2 

2.3 

i?dt 

2.5 

2.6 

2.7 

t 8  
2.9 

2.w 

-. .- . . . . . . .  - ...... . . . . . . . . . . . .  . . . . . . . . . .  .l . . 

AQ.=TONE EXTRACTIOW OF SOLUBLE HATWIAL 
IN PWoLXC FUSTIC MATBINS 

PURPOSEa TNe mothod is  used in &tomainin& the amount o f  acetom- 

&xatrtion should kb considered o n u  89 a quantitdtive axpreasion O f  
a property normally associated v i th  thc degree of oure Tor molded and 

b a t  for measuring &@e o f  c\?JLc: since it l a  affected by: (1 Natwe of 
reein and flller, (2) Lubricant, (3) Kolding tenperatme, (h 7 k n @ h  of 
cum, (9 T'nickntase o f  t h e  wetfan from whiah simple irr t?ken, (6) Mature 
of molded piece, (7) Tecbxique ueed jn molding, (6) Wstributlon of 
-8 

material in nolded or laminated phenolic pro6act.s. Acetone 

&&l&8d phsQol%C prOi$lCtS, and should be Used G d p  Ad a CO WatiW 

the  raaterial t o  be extracted, and (9)  k t h d  Of -ding 8peCim36. 

For breaking up a spsacrimen - A d r i l l  press o r  a file i e  uscd. 

Sk?trrte - One set of  U. S.  6tanclard'sieves consistin:: of a cowr,  R 
LOInresh sieve, a fir0 mesh oieve, and D receiving pan i s  wed. 

-le bottle - A nunber of 2 to h mace air- tight &fie bottle cmtainars, 
one for each ample m a r  t e s t .  

Btraction apparatus - Ekrdified underwriters 13m - Specified for A8TM 

EXtroctlon thinables - What- &traction 'sinele thickness thjlllbloe, 
80 m x 22 m. 
Skying &&ea I Al- f o i l  diishee 2.25" in diameter, and 0.75" 
in heigtrt or hi@er. 

Heating unit - An electric bot plate on which B proper temperatare 
aan be maintninad. 
A n a l y t i d  Balence 

t.rt, &9h, C.R.C. Catalog KO. 3,2-3YX,. 

5 

Pw own - Any type o f  oven can be usad in vhlch a temperature of 
50 2.C om be mSnteb!d,  propiding the o m  hay suffioient &aft. 
An daotricolly heated oven ahou2d not be used unless it i s  maeedingly 
well. rantilated as the acctone f U ~ 8  are l i ab l l s  tu cony in contact 
uj.th the heated coils and cauec an explosion. 

Isrtxfation solvent - Acebna, reagont pade 

A 
Thompson Ram0 Moldridge Inc. 
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3.0 

3m1 
301.1 

E102 

3-2 

3.2.1 

3.2.2 

382.3 

3e2.h 

3.3 

L x ,  

b e l  

&.2 

1 

On raw a~brial8 and p r e f o m  the sample sine ahall be 0.5 * .Os gpl 
pllr kst* 

Btrw m&wlela, shall ba dlwd into pieces of no greater site than l / P  
rqpsrs. 

or machined t o  form p a r t h l e s  no @eater . NO particles small enough to pass a lli0 

Ued or aaahlned t o  form A partlcla eizr of 

Ia all cases, extr owe m e t  be taken tha% the sample preparation 
d used does not heat the rnaterial auffiChntlg t a  increase t t e  

e shall be kept in an airtight bottle to prevent absorption o f  
mlsturs f’rom the aiF. 

p(IGDLIRIEt 

Aocurately weigh sample iF.to a tared, open texture, quantitative fitter 
plper, 1-2 to 15 QP in diameter. 
the uampla in  ta staridard, eingle thicknees, extration thimble, 00 
by 22 mu. 
float oat. 

Esrtractthn c Place the thimble containing the ueighed sample into the 
eiphon in such a way that the outlet at  the bottom l a  not plugged. 
the m n b s e r  and the slphon in the extraction flask and add 50 ml of C.P. 
amtoner 

Start the water through the condenser and &$mt the  heat on tbe hoot 
plate 80 that the aiphon fill5 and empties between 15 and X) times per 
hour. T h i s  rate is carefully maintained and the sample i s  extracted 
fir & hoare mlnhaa, A f t e r  the siphon empties, remove the flask and 
pour the eontents i n to  a weighed dish. 
8aetoas three tlares and the wanhinge added to  the octracted liquid in 
the a s h .  

Place the Mlter paper containing 

Fold over the filter psper BO thatnnone of tho sample can 

Place 

The f l a s k  is :P!& with 

Thompson Ram0 Wooldridge lnc. 
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Wyhg - Place the  dim^ in a wel l- vent i lated drying oven maintained 
a t  a tapqerature of%!$+* 2.C and dry the saiiple t o  Q constant W e i R h t .  
&twoen &yinp, kesp the dish in a dasiccntor t o  prevent abeorption 
o f  laOi.tur0. 

X 100 - 29.21 Pwwt Aatone SoOLubl 
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1. Purpms: 

1.1. To rletendru, the ~ Q W  resin solid content  n f  i ~ i p n ~ ~ i a t e c t  natsrialr: :? sitkcr 
the IB* or the "C" stags. 

2. Equipmnt Require& 

A. Ani l f i t ie i l  balmco 
E. 
0. besiccator 
D. Ur-circulating oven 
1. hrne f i r m s  

Ptrparation of 5.lllpI.e and S u p l s  Size:  

Crucible - poroeldn crucihlar - coon  sisa 1 or larmr 

4 

3. 

3.1 8-1. balk rPteriil. 

3.2 1-t~ roquimd epsccf.sn t o  obtaln a rrpreseritative aurple. 

3.3 

Ir. Rocedurot 

h.1 

u.C, 3 t o  5 gruls for sample alse. 
w batch of lprtsrl.). teated. 

A minirmr.of 3 semples required for each lot 

Place the samples In  porcslsin cnicihies previcnisly ignited at l%O°F 2 So°F 
and brought t o  a constant welght .  

4.1.1 If percent volati le  content is d a o  t o  he detsnrclned, v s i p h  t o  the newest 
0.1 milligram (&I. 

Dry th. a w l e n  i n  an air-circulating oven at 325*F for 20 girmtes, co'ol i n  a 
desiccator and rsrsigh t o  obtain original w i g h t  (W2). 

b.2 

I 
h.2.1 "Q 8t.g. r t e r l a l  ned n o t  be &led.. 

h.3 

ii.3.1 "Ca 8t.w luteti.lr a m  heated for 8 hours and w8igh.d. 
and ahoak far carutmit mi@. 

Burn out mein i n  muffle furnace for b hourr at  900°F. Cool i n  a dealccator 
AM rmmigh (9). 

Reheat fm 2 hmro 

Page 13 
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6. Notes: 

6.1 The volatile content determination is based on complete resin cure. 
instances, for special impregnated material, it may be necessary to extend 
the drying time. 

In some 
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TAPCO GROUP 

M A T E R I A L S  
E N G l N E E R l N Q  

, Thompson Ratno Wao/dridge Inc. I TAP- DAP-101 
i SWEET 1 OF 2 ‘ I-UEQ 2-22-60 23555 Euclid Avenue 

Cleveland 17, Ohio ReVlSeO 

D E P A R T M E N T  - 
ANALYTICAL PROCEDURE 

Specif lc  Gravity of Xolded and Laminated P l a s t i c s  _-__ _- , ,  , -_-- ---- 

1.0 

1 *1 

2.0 

2.1 

9.0 

3 *1 

3.2 

3.3 

L O  

4 0 1  

L.2 

k*3 

k e l l  

Purpose: 

To determine the spec i f lc  g rav i ty  of so l id  reinforced p l a s t i c  materi4ls 
in the cured state. 

Equipment Bequired: 

Analytical Balance with spec i f i c  gravlty bridge. 

Preparation of specimen8 

b e p a r e  a sanae t o  an appropriate size  and representative of a critical 
area  i n  the find product. 

S w l e a  must be prepared with smooth s ides  snd edges to prohibi t  air  
entrapment . 
Smple  weight m e t  be between 1 to 5 grams. 
Procedure: 

The ana ly t ica l  balance i s  f i r s t  t a r edwi th  a piece of f i n e  e r e  suspended 
from the hook of one of t h e  pan supports. 

A t t ach  the sample and weigh to  the nearest  0.1 mu. 
in alr or “a” weight. 

Immerse t h e  sample while suspended by the  wire i n t o  f resh ly  boiled d i s t i l l e d  
water a t  7 3 9  (249 ) ,  and weigh t o  the nearest 0.1 mg. 
ab*, the  uncorrected w e i & t  in water. 

Romovb the ample  and reveigh’the &e w h i l e  suspended a t  the samg 
level i n  the water. T h i s  l e  weight %a, o r  the loss in weight of t h e  
ulre on immersLon. 

0 

- 

Thls is the weigh% 

This is weight 
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5.0 Calculation: 

5.1 For water as the Immersing medium the calculation la; 
a e/ Or. (?3*1/?3*L”F*) a ’ -  ‘b - c 

a 3 Weibt in mas  ii air .  
b - Uncorrected weight in grams of sample in waterI 
c .I Loss in weight, in grams, of f i re  in waterr 

6.0 Requ imntsr  

6j,  The plastic material m a s t  be w e t  by the water but not affected by It 
in any manner. If the plastic niaterla$ i s  affected by water use the 
procedure o u t b e d  in Federal Specification EP-&06bD Hethod $012. 

6.2 The plaaWc material m u s t  have a higher density than the water. 

7.0 References: . 
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TAPCO GROUP Thompson Ram0 Wooldridge Inc. 
23555 Euclid Avenue 

MATERIALS Cleveland 17,  Ohio ENGINEERING 
DEPARTMENT BVEWPMENT ANALYTICAL PROCEIXTRE 

TAP- W-120 
SHEET 1 OF 4 
ISSUED 5-x)-63 
REVISED 

1.0 

2.0 

2.1 

2.2 

2.3 

2.b 

2.5 

2.6 

2.7 

2.8 

2.9 

2.10 

2.11 

2.12 

2.13 

2 . u  

2.15 

2.16 

2.17 

2.18 

APPLICATION: This speci f ica t ion describes a method f o r  determining 
the  viscosi ty  number of grepreg materials by mans of  t h e  kinematic 
v i scos i ty  and the  r e f rac t ive  index of a solut ion of the  prepreg resin 
i n  DMF (N,N - Dinethylformanride). 
of t h e  degree of advancement 3 f  t h e  res in .  

The v i scos i ty  number i s  an expression 

MATERIALS AND EQUIPMENT: - 
Abbe-3L Refractometer, 'Bausch 8: Lomb, Rochester, N. Y. 

Constant Temperature Bath, 77"F, Fisher uni t ized o r  Equivalent, Fisher 
S c i e n t i f i c  Company, Pittsburpb, Pennsylvania. 

Ubbelohde Viscometer, No. UBC, Size UB, Cannon Instrument Company, 
S ta t e  College, Pennsylvania. 
Timer, Second Model., Lab-Chron m00, o r  Equivalent, Labline, hc . ,  
Chicago, I l l i n o i s .  

F i l t e r  Paper, Whatman fil. 

F i l t e r  Discs, Millipore, T q e  O f W  Ok700, Hillipore F i l t e r  Company, 
Bedford, Massachusetts, 
F i l t e r  Holder, Millipore, # XVls OLi700, Millipore F i l t e r  Company, 
Bedford, Massachusetts 
Flasks, Erlenmeyer, 250 ml, wide mouth. 

Flasks, Erlenmeyer, with ground glass stoppers, 125 rd. 
Shaker, Utility, Precision Sc ien t i f i c ,  Chicago, n l i n o i s ,  or  Equivalent 

Funnels ,Fi l ter ing 

Pump, Vacuum, Chemical Rubber Company, Cleveland, Ohio. 
Vials, Snap Cap, 12 drams, Chemical Rubber Company, Cleveland, Ohio, 

Pipette,  SC ml. 

@IF (N-N, Dimethylforrmmide) Eastman &870 o r  Equivalent. 

Acetone, Eastman #297 o r  squivalent. 

Benzene, Eastman # P777 o r  equivalent. 

Petroleum Ether, Baker &2& o r  equivalent. 

T PFC- 1960 
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TAP - UP-lP 
SHEET 2 OF 4 
REVISED 
ISSUED 5-20-63 

2.19 

. 2.x)  

3.0 

3.1 

3.2 

3.3 

3.h 
3.5 

4.0 

Cotton Balls, Johnson and Johnson, or  equivalent. 

Flask, Filtering,with Sidearm, h000 ml. 

PROCEIZRE PUR EXTRACTION OF RESIN: 

Cut the prepreg material t o  be t e s t e d  i n to  1/21' x 1/21' squares. 

Weia  out 20.0 - 2k.O gme of the  material i n to  a 250 ml, Erlenmeyer 
flask. 

Plpetto 50 ml of IPlF i n to  the f lask  containing t h e  sample. 

Agitate t h e  mlxture f a r  l0 minutes on a laboratory shaker. 

i%l,ter the  solut ion through a kl Whatman F i l t e r  Paper, and ool lec t  in 
t he  125 ml glass stoppered f lasks.  
refil ter through a Millipore OHWP Oh700 f i l t e r  using the  Millipore 
glass  filter apparatus. 
ool lect  t he  f i l t r a t e  i n  a 1 2  dram v i a l  suspended below t h e  stem of 
t he  f i l t e r  apparatus by means of  a wire basket. Any pa r t i c l e s  s t i l l  
suspended in t he  solut ion after f i l t e r i n g  throu& t h e  Millipore w i l l  
be too small t o  i n t e r f e r e  with the v iscos i ty  determination. 

If the  resin conterit is below 35%, use a 30.0 gm sunple. 

If the solut ion is not  clear, 

When using the  Millipore glass  fil ter,  

PROCEIXIRE; FOR REFRACTIVE INPEX IXTERMINATION: 

k.1 Before using the  Abb-3L Hefractomter ,  the  operator should read 
t h e  reference m u a l  supplied with the  instrument t o  familiarize 
himeelf with the  construction, operation, and care of the ins t rumnt .  

Clean the  prisms with successive wipes of acetone, benzene, and 
petroleum e the r  using cotton swabs. 
prisms. 

Adjust t h e  temperature of  the  constant temperature bath t o  77' * 
and c i rcu la te  through the refractometer. 

Apply the sampie solut ion t o  t he  prisms, close t he  prisms and set 
the refractometer scale t o  approximately l.hSSO/ 

Adjust t he  compensator d i a l  u n t i l  there  is  sharp division between 
t h e  upper l i g h t  portion o f  the  f i e l d  and lower dark portion. 

Bring t h i s  division line t o  the  in te rsec t ion  of t he  cross h a i r  
lines. 

Read the  r e f r ac t ive  index by depressing the  scale illuminator s w i t c h .  
If t he  refractive index of  the  solut ion is above 1.b610, d i lu t e  t h e  
eolution with a f e w  milliliters of IPIF. 

4. 2 
Do not use dry cotton on the  

h*3  

I r e4  

4.5 

4.6 

lre7 

0.1'F 

Repeat u n t i l  the re f rac t ive  

A 
lhmpson Ram0 Wooldridge lnc. 

Page 20 



Report NASA CR 72125 
Appendix A 

TAP-DAP-~X) 

ISSUED 5-20-63 
SHEET 3 OF 4 
REVISED 

index is in the range of 1.4L60 t o  1.4610. 
of t h e  solut ion is  below l 0 4 ~ 8 O g  it w i l l  be necessary t o  add a few 
more grama of  t h e  prepreg material  and repeat t he  10 minute ag i ta t ion  
and f i l t r a t i o n .  

Report t he  r e f r ac t ive  index and the temperature. 

If the  r e f r ac t ive  index 

4.8 

5.0 PROCEIXIRE FUR KINEMATIC VISCOSITY rE"E3MINATICINS: 

5.1 

5.2 
5.3 

5.4 

5.5 

. 
5.6 

5.7 

Clean the  Ubbelohde Viscosity tubes using successive r inses  o f  acetone 
and benzene. Dry thoroughly. 

Adjust the  temperature of the  bath t o  77" 
Add the  IPS'-resin solut ion t o  the viscometer u n t i l  the  leve l  is  
between the tuo blue lines on the  la rge  chamber. 

Allow the  solut ion 10 minutes t o  come t o  equilibrium temperature. 

Draw the  solut ion up throupb t h e  cap i l l a ry  tube using vacuum. Do 
not allow bubbles t o  form i n  t h e  r i s i n g  l iquid.  Bring the  upper 
l e v e l  of the so lu t ion  in to  the small, upper bulb, above the top, 
blue, reference l i n e .  

Release the  vacuum and a l low the solut ion t o  pass down through the 
cap i l l a ry  tube. 
l ine start the timer. 
stop t he  timer and record the t i m e  i n  seconds. 
than x )O seconds, t h e  viscometer 
Viscosity range viscometer should be used. 
than 1000 seconds, a la rger  range viscometer i s  needed, 

Ilraw out the solut ion from the  viscometer using vacuun and clean 
the  viscometer with several  r inses  of acetone and benzene. Be sure 
t he  vacuum pump is properly trapped t o  prevent solvents entering the  
PUW 

0.1"F. 

When the  solut ion miniscus passes the upper reference 
When t h e  miniscus passes the lower blue line 

If t he  time i s  less 
s i ze  is too la rge  and a smaller 

If the  time is  greater 

Calculate t he  v iscos i ty  of t h e  solut ion in centistokes by multiplying 
the  viscometer ca l ibra t ion  constant by the  number of  seconds necessary 
f o r  t he  solut ion t o  pass between the  two reference l ines .  

Report t he  Viscometer Number, the Viscometer Calibration Constant, 
t he  time in seconds of t he  run, the viscosity, and the  temperature 
of  t he  bath. 

5.8 

5-5 

6.0 

6.1 

6.2 

PROCZEIXIRE FUR THE lXTERMINATION OF VISCOSITY NUMBER: 

Refer t o  Figure, 1, the  General Viscosity Chart. 

Flnd the  point of  in te rsec t ion  of the  re f rac t ive  index and the  
kinematic viscosi ty.  

lhompson Ram0 Woldridge Inem 

Page 21 



Report NASA CR 72125 
Appendix A 

TAP -IZAP-lx) 
SHEET h OF L 
ISSUED 5-29-63 
REVISED 

6.3 Follow the c losest  diagonal band, t o  t h i s  point of  intersection, 
and read off the viscosi ty  number. Report as Viscosity Index Number. 

Prepared by 

Davelopmnt 

Approved by: 
W. E, Winters. SUPV. 
Non-Metallic h t e b i a l s  

Development 

l#hompson Ram0 Woodridge lnc. 
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9. 0 

4. 

1. 
1. 

FIW 1 Refractive Index, 25. O'C. 
General Vircority Number Chart 

8 .  0 

7. 0 

4 
6 . 0  b 

d 

5. 0 G 
N 

a 
Y 

4. 5 4 
f 

4. 0 0' u 
C 3. 5 4 * *. 
4 m 
0 3. Q u 

E 
2. 5 

2 .  0 

1. 5 
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LECTROMECHANICAL 
D I V I S I O N  

TERIALS TECHNOLOGY 
DEPARTMENT 

TAP- DAP-115A 
TRW SHEET 1 OF 2 

ISSUED 1-1 7-64 
REVISED 6-1 5-64 

THOMPSON RAMO WOOLDRIOGE INC. 
29566 EUCLlD AVENUE CLEVELANO. OHIO 44'1-7 

DETAILED ANALYTICAL PROCEDURE 

TACK OF PHENOLIC PREIMPREGNATED LAMINATING MATERIALS I '  
1. PURPOSE: 

1.1 The purpose o f  t h i s  procedure i s  t o  determine the  tape wrapping c h a r a c t e r i s t i c s  
o f  pheno l i c  preirrpregnated s t r a i g h t  tapes and broadgoods. 

2. EQUIPMENT: 

2.1 Pneumatic s p l i c i n g  press  w i t h  round, aluminum contact  f o o t  
and capable o f  app l y ing  50 2 5 pound load. 

2.2 Heater, p a r a l l e l  p l a t e s  w i t h  opening o f  0.07O11 
c o n t r o l l i n g  2 S°F a t  20OoF. 

2.3 Carbon s t e e l  s t r i p s  811 x 1" x 22 gauge, 

2.4 Paper cu t te r .  

.- 2.5 Scot t  t e n s i l e  t es te r ,  Model L6 w i t h  2-speed dr  

2.6 SI i n g  psychrometer. 

3. SAMPLE: 

t o  6.125" a 

ve . 

1 inch  i n  diameter 

d c a p a b i l i t y  o f  

3.1 For each test, two s t r i p s  411 2 1/16 x 1" 2 1/32 are  cu t  f rom a representa t ive  
sanple. The 411 dimension s h a l l  be i n  the  warp d i rec t i on .  

4. PROCEDURE: 

4.1 Using a paper cu t te r ,  cu t  two s t r i p s  o f  mater ia l  411 2 1/16 x 1" + 1/32. 
Ma te r i a l  s h a l l  have been s tored i n  a sealed conta iner  a t  75'F f, E O F  f o r  2-3 hours 
before  cu t t i ng .  

4.2 Place s t r i p s  on an 811 x 1" s t e e l  sheet so t ha t  they  over lap e x a c t l y  1". (Room 
i n  which t e s t  i s  performed s h a l l  be c o n t r o l l e d  t o  75°F 2 8OF.) 

4.3 I n s e r t  specimen mounted on s t e e l  s t r i p  between heated p l a t e s  maintained a t  
200°F 2 S0F, such t h a t  the  overlapped sec t i on  i s  a t  the  center  o f  the heated 
space. Heat f o r  60 2 2 seconds, 

IRW 
THOMPSON RAMO WOOLDRIOGE INC 

I PFC-1968 REV. ' 
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TAP- DAP-115A 
SHEET 2 OF 2 
ISSUED 1-17-64 
REVISE0 6-15-64 

4.4 Remove specimen f r o m  hea te r  and i m d i a t e l y  p l a c e  i n  s p l i c e  p ress .  Lower 
we igh t  g e n t l y  and p r e s s  f o r  1 m inu te  2 5 seconds. 
and f r o m  s t e e l  s t r i p .  NOTE: T i m e  t o  transfer from heater t o  s p l i c e  p r e s s  s h a l l  not 
exceed 5' seconds, 

Rernove specimen f rom p r e s s  

4.5 Tes t  on S c o t t  T e n s i l e  T e s t e r  w i t h i n  15 minu tes  o f  h a v i n g  rmde s p l i c e ,  Tes t  i n  
t e n s i l e - s h e a r  a t  an e x t e n s i o n  r a t e  o f  2 inches/rnin. 
and r e c o r d  load  t o  n e a r e s t  0.1 o f  a pound. 

Load specimen t o  f a i l u r e  

4 4.6 P e r f o r m  t e s t  i n  d u p l i c a t e .  

4.7 Measure and r e c o r d  t h e  r e l a t i v e  h u m f d i t y  i n  t h e  room where t h e  t e s t  was performed. 
T h i s  s h a l l  be done b y  d u p l i c a t e  t e s t s  w i t h  t h e  s l i n g  psychrometer, 

5. RECOXDS: 

5.1 Record b o t h  t a c k  va lues  d n d  Ltic dverayc t o  t h e  neares t  0 - 1  of a pound, 

5 . 2  Record room t e q e r a t u r e .  

5.3 Record r e l a t i v e  h u m i d i t y  i n  rooin whcre ina te r id !  i s  cut ,  s p l i c e d ,  and tes ted ,  

R E V I S I O N  A; C 6 - w  
P o  J. vdno 
Non-Meta 1 1 i c Matar i d  1 s Deve lopment 

ti,, J. Zor  

APPROWED: &E(d< , & t z  , I  , 

k/- E .  c l in te rs ,  Supe"rvisor 
Non-Meta 1 1 i c M a t e r i a  1 s Devei bpment Department 

M e m i c a  1 Engi &r i ng Superv iso r  
M a t e r i a l s  E n g i n e e r i n g  Department 

TRW 
THOMPSON R A M 0  WOOLORIOGE INC. 

TPFC-I968 CC REV. 
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TEST PROCEDURE AND EQUIPMENT USED FOR DETERMINING DENSLFICATION AND HEAT 
TRANSFER CHARACTERISTICS OF THICK ABLATIVE LAMINATES 

Test specimens were made by assembling approximately 280 p l i e s  of b i n . -  

d i a  ab la t ive  material i n t o  a cy l ind r i ca l  b i l l e t .  The p l i e s  were separated 

i n t o  four segments (A, B, C and D) of approximately 70 p l i e s  each with 

t e f l o n  f i lm  separators  t o  permit i n s e r t i o n  of thermcouples f o r  recording 

of temperature gradients  and t o  f a c i l i t a t e  disassembly of t h e  segments 

a f t e r  the  dens i f ica t ion  t e s t ,  Density and aceton ext rac t ion  t e s t a  were 

then conducted on the  segments. 

A spec ia l  die ,  shown i n  Figure 1, was used f o r  the  molding t e s t .  The 

ins ide  walls of t h e  d ie  were insula ted  with a t r a n s i t e  tube and t h e  bottom 

of t h e  d i e  was made of copper t o  permit t h e  t r a n s f e r  of heat from t h e  bottom 

surface of t h e  d i e  upward through the  laminate. 

c i r cu la t ing  water through coi led tubing near t h e  copper base of t h e  d ie .  

Direct ional  heating was provided t o  t h e  molding cavi ty  by a bank of 

The laminate was cooled by 

eight  200 w a t t  e l e c t r i c a l  res i s tance  elements mounted i n t o  the  bottom 

platen.  

proportional,  on-and-off c i r c u i t  breakers.  A th i ck  asbestos-phenolic base 

was used t o  contain t h e  copper base and c o i l s ,  and t o  support t he  cylinder 

and laminate during molding. 

The r e s i s t o r s  were thermosta t ica l ly  control led by two-time- 

The dens i f ica t ion  of t h e  t e s t  sample w a s  determined by d i a l  indica tor  

readings measuring the  closure of t h e  dies a t  i n t e r v a l s  of 100 sec during 

the  compaction and a t  500 t o  1000 sec the rea f t e r .  

The laminate t e s t  specimen, the  spec ia l  die ,  and r e l a t ed  equipment a r e  

shown i n  Figures 2 and 3. 
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Figure 2 

Closed die and instrumented thick laminate f o r  
densification and heat transfer studies. 

I 

Figure 3 

Lamhate and die mounted in  plast ics  press with 16 
cjmnnel recorder and dial indicator. 
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